MMS 86-0044

LTRRARY REFLRENCE VOLUME
ENVIRONMENTAL STUDIES BRANCH

. M NERALS MANAGEMENT SERVI CE
ép_plled DEPARTMENT OF THE LNTERIOL

cience WASHINGTON,  DeCa . i if
Associates, ' o
Inc.

70 Dean Knauss Drive Narragansett,

Rhode |sl and02882- | 143 (401) 789- 6224



REGISTERED s sobes

COVMPUTER S| MULATI ON OF THE PROBABILITY THAT
ENDANGERED WHALES WILL | NTERACT WTH O L SPILLS

Prepared for:

U S. Departnent of the Interior
M neral s Managenent Service
Al aska OCS Regi on
Contract =14-12-0001-30076

Mark Reed, Katherine Jayko, Ann Bowles, Eric Anderson,
Steve Leat herwood, Ml col m Spaulding

Applied Science Associates, Inc.
70 Dean Knauss Drive
Narragansett, Rhode |sland 02882

and
Hubbs Marine Research Institute

1700 South Shores Road
San Diego, California 92109

Cctober 20, 1986

Di scl ai mer

The opi ni ons, findi ngs, concl usi ons, and recomendat i ons
expressed in this report are those of the authors, and do not
necessarily reflect the views of the U S  Departnent of the Interior,
nor does nention of trade names or commercial products constitute
endor senent or recommendation for use by the Federal Governnent.

ASA #84-35



Cont ent s PAGE

Abstract . .
Study Team . .
Li st of Figures .
Li st of Tables .

. o . . i X
Executive Summary . Xii
Introduction , . . . . . . . . . L e e e e e e e e e e e l
Whale Mgration Mdels ., . . . . . ... ... ... 5
2.1 Overview of Mdeling Methodology . . . . . . . « « .« . . 5
2.2 Bowhead Wale Mdel . . . . . . L . . . . 0 e e e . 5
2.3 Gay Wal e Model 44
2.4 Model Performance SUMMATY ., , ., . v & o o o o « + o o - 70
Diving-Surfacing Mdel . , . . . . . . . .. . .. .. .. 74
Ol Spill Mdel . . . . . . e e s e e e e 83
4.1 Ol Spill Drift , 83
4.2 Spreading . 86
4.3 Bvaporation” . , . . . . o s s e e e e 88
4.4 Entrainment 0 L0000 ... 88
4.5 Grculation Dynamics . . . . . . . . . . . . . ... 89
4.6 Wnd Fields . . . . . . . . . . 89
Mgrating Whale - G| Spill Mdel Linkages . . . . . . . . . 91
Mbdel System Sensitivity Studies . , 94
Application Methodology . . . . . . . . . . . i 4 v e e . 105
Applications to Plamnning Areas . . . . . . . . .« ¢ ¢ « . . 112
8.1 Navarin Basin .. . . . . . . . . . e e e e e e e e 112
8.2 Beaufort Sea . . . . . . . . . . .. e e e e e e 120
8.3 Chukchi Sea . . . . . . . . L L e e e e e e e 138
8.4 St. George Basin . . . . . . . . . . e e e e e e e e . 152

Total Probabilities of Interactions: Example for the Beaufort
SeaPl anni ngArea . s e e e e 166

Sunmary . , 175

References . . . . . . . . . . . . . s, s



Appendi x A: Summary Tables of Wale - G| Spill Interactions for the

Appendi x B:

Appendi x C

Appendi x D

Navarin Basin Pl anning Area .

Summary Tables of Whale - G Spill Interactions for the
Beaufort Sea Pl anning Area .

Sunmary Tables of Whale - ©0il Spill Interactions for the
Chukchi Sea Pl anning Area . e

Summary Tables of Whale - Ol Spill “Interactions for the
St. George Basin Planning \pa .

D1



Abst r act

A nunerical nodel system was devel oped to assess quantitatively
the probability that endangered bowhead and gray whales w |l encounter

spilled oil in Al askan waters. Bowhead and gray whale migration and
di ving-surfacing models, and an oil spill trajectory nodel conprise
the system The mgration nodels were devel oped from concept ual

considerations, then calibrated with and tested agai nst observations.
The distribution of animals is represented in space and tine by
di screte points, each of which may represent one or more whal es. The
movement of a whale point is governed by a random wal k al gorithm which

stochastically follows a mgratory pathway. The stochastic
diving-surfacing nodels are used to <conpute surfacing behavior
sequences for each species. The oil spill nodel, devel oped under a
series of other contracts, accounts for transport and spreading
behavior in open water and in the presence of sea ice. Hi stori cal
wind records and heavy, normal, or light ice cover data sets are
sel ected at random to provide stochastic oil spill scenarios for

whal e-oi |l interaction sinulations.
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EXECUTI VE SUMVARY

The nurerical nodel system described in this report was devel oped
to quantitatively assess the probability that endangered bowhead and

gray whales will encounter spilled oil in Al askan waters. Bowhead and
gray whale nigration models, a diving-surfacing nodel, and an oi

spill trajectory nodel conprise the system. The migration models rely
on whale sighting data, ensenbled for all years on record, to define
nean migration pathways. Di stances traveled over 3 to 6 nonths,
divided by the travel time, were used to estimate nean migratory
speeds over appropriate sections of the migration route. St ochastic
velocity conponents were then added such that nmxinmum instantaneous
swimmnng speeds did not exceed those observed. Model ed whal e

densities were then conpared with field estimates at various tinmes and
| ocations, as available, and nmean mgration speeds were adjusted to
cal i brate the nodel. The distribution of animals is represented in
space and time by discrete points, each of which may represent one or
nore whal es. The novenent of a whale point is governed by a random
wal k al gorithm which stochastically follows a migratory pathway. The
stochastic diving-surfacing nodels were used to conpute surfacing
behavi or sequences for each speci es. The oil spill nodel, devel oped
under a series of other contracts, accounts for transport and
spreadi ng behavior in open water and in the presence of sea ice.

Hi storical w nd records and heavy, nornmal, or light ice cover data
sets were selected at randomto provide stochastic oil spill scenarios
for whale-oil interaction sinmnulations.

A whale - oil spill interaction sinmulation consists of running
one of the migratory whale nodels using one spill scenario fromthe
oil spill nodel output to dynamically define surface oil coverage
For any whale point which traverses the water columm covered by an oi
slick, the diving-surfacing model is used to compute a nunber of

i nteractions or encounters. Probability distributions of whale - oil
encounters are produced by conbining the results of sinulations for
one site in a planning area. Using the conditional probability

distribution for oil spills occurring in that area, total probability
di stributions can al so be produced.

Sensitivity studies were performed to assess the extent to which
mde 1 output variability is related to specific nodel system
paraneters or conponents. The results of these studies can be
summarized as follows:

(1) as the nunber of discrete points used to represent the
popul ation increases, the nean total exposure tine (i.e.
total tine whales are within the bounds of an oil slick)
stabilizes;

(2) the variability of the exposure tine estinmate due to the
stochastic conmponents of the migration nodel exceeds that



due to nunmber of discrete points at about 500 points;

(3) a timestep exceeding the 3 hour timestep used to run the oil
spill nmode 1 results in erroneous estinates of whale-oil
interactions;

(4) the dive time nodel contributes only a small fraction of the
total variability of the interaction estinates;

(5 25 randomly selected scenarios at one spill site and one
season are sufficient to avoid bias in the results due to
inter-annual variability;

(6) inter-annual variability in weather scenarios, and therefore

the difference between one oil spill trajectory and another,
represents the major source of variability in whale-oil
spill interaction estimates.

The nmodels were applied to 5 launch points within each of 4
Al askan OCS pl anning areas: Navarin Basin, Beaufort Sea, Chukchi Sea
and St. Ceorge Basin (Figure 1). Twenty-five different trajectories
were simulated fromeach | aunch point for one or nore seasons, Uusing
stochastically sel ected wi nds from historical w nd records, Table 1
shows the nunber of spill scenarios which resulted in whale-oil
interactions for each site and season.

In the Navarin Basin planning area sinulations, only bowhead

whal es encountered oil. A spill occurring near St. Matthew Island,
where approximately one-third of the bowhead popul ation was assunmed to
spend the nonths of Novenber to April, posed the greatest potenti al
for impacting bowhead whal es.

The spill scenarios at all 35 sites investigated in the Beaufort
Sea planning area resulted in the oiling of an average of 1-5% of the
bowhead popul ati on. It should be noted that these spills were tined

to occur when bowhead whal es were known to be present; seasons for
occurrence were not selected at random Spills at the Beaufort sites
| ocated near Pt. Barrow could be encountered by a snmall percentage
(less than 0.2% of gray whales utilizing the Al askan Chukchi Sea for
feeding in the summer.

Spills in the Chukchi Sea planning area have the potential of
i npacting both bowhead and gray vwhales . Gl which is released in the
spring and becones trapped by ice may inpact both species if it
persists in the area until gray whales arrive. During sinulated oil
spill scenarios from the 5 Chukchi sites, naxinmuns of 1.5% of the
bowhead wWhal es and 1.4% of the gray whal es encountered oil.

Spills in the St. GCeorge Basin planning area will probably have

no inpact on bowhead Whal es. Only sinulated spills occurring in
Uni nek Pass resulted in gray whales encountering oil, with an average
of about 3% of the population surfacing in oil. Gray whales are only

-Xi ii-
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Table 1. Nunber of spill scenarios resulting in whale-oil interactions
by planning area. Twenty-five scenarios were sinulated
for each species, site and season.

Planning Area Spill Site Season Bowhead G ay
Navarin 1 Feb 1 - My 31 19 0
2 May 1 - Nov 30 0 0

3 My 1 - Nov 30 0 0

4 Feb 1 - May 31 1 0

5 My 1 - Ot 31 0 0

Beauf or t 1 Aug 1 - Ot 31 17 0
2 Apr 1 - Jun 30 10 1

2 Aug 1 - Ot 31 17 0

3 Aug 1 - Ot 31 16 0

4 Aug 1 - Ot 31 15 0

5 Apr 1 - Jun 30 5 1

5 Aug 1 - Ot 31 10 5

Chukchi 1 Apr 1 - Jun 1 10 0
1 Jun 30 - Ot 31 8 8

2 Aug 1 - Ot 31 6 0

3 Mar 1 - Jun 1 10 4

3 Jun 30 - Ot 31 0 8

4 Jun 1 - Ot 31 4 16

5 at 2 - Jan 30 0 19

5 Jun 1 - Ot 1 3 8

St. George 1 Mar 1 - Jun 30 0 12
1 Aug 1 - Dec 31 0 7

2 My 1 - Ot 31 0 0

3 My 1 - Ot 31 0 0

4 My 1 - Ot 31 0 0

4 Nov 1 - May 31 0 0

5 Apr 1 - Nov 30 0 0
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present in the Pass from April through early June and Novenber through
Decenber as they enter and |eave the Bering Sea, so only spills
occurring during these time w ndows hold the potential for whale-oil
interactions.

Total probability estimates based on results of this study wll
be biased towards high whal e-oil interaction probabilities, as
di scussed in detail in Section 9. However , total encount er
probabilities have been estimated for the Beaufort Sea planning area
to exenplify the methodology. Total probabilities for bowhead and
gray whales encountering oil spilled in the Beaufort Sea were
cal cul ated to be approximately 57% and 6% respectively, assuming the
mean nunmber of spills occurring is 1.63. The high probability of
bowhead whal es encountering oil, despite a |ow nunber of expected

spills, results fromspills at all sites contacting whal es. For
bowhead whales there is greater than an 83% probability that 20 or
fewer of every 100,000 surfacings occurring during an oil spill wll
be in oil. For gray whales there is approximately a 99% probability

that 5 or fewer of every 100,000 surfacings during an oil spill event
will be in oil.

- XVi



1. | nt roduction

The orderly devel opment of outer continental shelf (0CS) minera
resources is the responsibility of the United States Departnent of the
Interior, Mnerals Mnagement Service (MMS). The MVS seeks to pursue
this goal in a manner which assures protection of marine and coasta

envi ronnents. In Al askan waters, the protection of two endangered
whale popul ations, the bowhead (Balaena mysticetus) and gray
(Eschrichtius robustus) whal es, is of special concern. The study

described here is focused on the quantification of the probability of
i nteractions between mgrating bowhead and gray whal es and potenti al
oil spills in Alaskan OCS planning areas north of the Aleutian
| sl ands. This quantification is achieved by applying a system of
nureri cal models describing oil spill behavior, whale migration and
di vi ng-surfacing patterns. Figure 1-1 shows the schematic |inkages
among these system conponents, and the inputs required by each.

The oil spill nodel was used to produce tinme series of surface
slick locations and areal coverage for hypothetical spills. In each
planning area, 5 release sites were selected by MV5, and 25 different
trajectories were sinulated fromeach site for 1 or more seasons,
usi ng stochastically selected winds from historical w nd records

Model s of migratory behavior were devel oped for both the bowhead

and gray whale populations. The distribution of animals is
represented in space and tine by discrete points, each of which may
represent one or more whal es. The movement of a whale point is
governed by a random wal k al gorithm which stochastically follows a
mgratory pathway. The diving-surfacing model is used to conpute
surfaci ng behavior sequences for each species. These nodels were

calibrated and tested against observed whal e distribution data.

A whale - oil spill interaction sinulation consists of running one
of the mgratory whale models using one spill scenario from the oil
spill nodel output to dynamically define surface oil coverage. For

any whal e point which passes through water covered by an oil slick,
the diving-surfacing nodel is used to conpute a number of surfacings
in oiled waters. These surfacings constitute the whales’ encounters
(interactions) with oil. Total probability distributions of whale -
oi |l encounters can be produced by conbining the results of simulations
for all sites in a planning area with the conditional probability
distribution for oil spills occurring in that area.

The follow ng report sections discuss the devel opnment of each
model conponent, and application of the nodel systemto 4 Al askan OCS
pl anning areas (Figure 1-2). Section 2 includes descriptions of the
mgrating whale nodeling methodology used, and sources of data for
nodel devel opnent and cali bration. The diving-surfacing nodel for
each species is described in Section 3. The oil spill nodel used here
was devel oped previously, and is described in Section 4, while Section
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5 covers linkages between the migrating whale and oil spill models. A
variety of sensitivity analyses were performed prior to applications
of the system and these are presented in Section 6. Sections 7 and 8

di scuss, respectively, the nethodology and results of system
applications to Alaskan OCS planning areas. An exanple set of
conputations of total whale-oil spill interaction probabilities, based

on conditional probabilities of oil spill occurrence, is given for the
Beaufort Sea planning area in Section 9.



2. Whale Mgration Mdels
2.1 Overview of Modeling Met hodol ogy

Model s were developed to sinulate the annual mgration of
bowhead and gray whales in the Bering, Chukchi and Beaufort
Seas. The nodels rely on whale sighting data, ensenmbled for all years
on record, to define nean migration pathways. Distances traveled over
3 to 6 months, divided by the travel tinme, were used to estinate nean
mgratory speeds over appropriate sections of the mgration route.
Stochastic velocity conponents were then added such that maxi mum
i nstant aneous swi nmi ng speeds did not exceed those observed. Model ed
whal e densities were conpared with field estimates at various times
and locations, as available, and nean migration speeds were adjusted
to calibrate the model. The underlying data base is described in
detail in Reed et al (1984).

Sinmul ation of whale novement is acconplished by translating a

numb er of points along a defined mgration path, subject to land
and ice constraints. Each point represents the novenent of one or
several mgrating whal es. Random conponent s i ncor por at ed in the
swimmng velocity of each whale point simulate the variability
evi dent in the behavior of the bowhead and gray whal e popul ations.
Mgration nodel output consists of the |ocation of each whale point
at tinme intervals specified by the user. A variety of other data

products (e.g., densities, mean headings) can then be produced from
this raw output.

When coupled to the oil spill nmdel (Figure 1-1), nodel output
includes probability histograms of whale-oil spill interactions. An
interaction is defined as a single surfacing of a whale within the
boundary of an oil slick. The nunber of interactions between a whale
and an oil slick is therefore a function of the diving-surfacing
behavi or of the whale during the tine it remains within an oiled area.
Diving-surfacing behavior sequences are sinmulated stochastically,
based on observations. It is assumed that diving - surfacing and
m grati onal behavi ors are unaltered by the presence of oil,
Hypot heses regardi ng behavi oral changes, such as avoi dance, can be
i ncorporated into the nodel to estimate possible effects on nunbers
and durations of interactions.

2.2 Bowhead Whal e Mbdel

Definition of the nmean mgratory pathways of the bowhead
whal e governs the novenent and distribution of sinmulated whales. To
determ ne these pathways, the bowhead whal e sighting dat a,
summarized in Figures 2-la through 2-1b (from Reed et al, 1984) were
first di vi ded into “northbound” (March - July) and “sout hbound”
(August - Cctober) data sets. Polynomials were fit Dy least squares
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to each data set. Because Septenber and October data include

whal e sightings on both the Soviet and Al askan coasts of the
Chukchi Sea, the latter data set was further subdivided across
t he i nternational dateline. Polynonmials were then fit by |east
squares to each data set. The northbound curve (Figure 2-2a) was
then corrected for land crossings, and connected to 3 hypothesized
overwintering areas in the @ulf of Anadyr, and south of St.
Law ence and St. Matt hew | sl ands (Braham et al, 1984) . These are
regions in which polynyas (areas of persistent open water) are known
to formeach winter. Curves A and B (Figure 2-2b) for southbound
ani mal s wer e connected across t he Chukchi Sea. North and

sout hbound curves were linked at both ends, and a migratory loop
was added in the Beaufort Sea to allow ear ly arrivals to head
northeast toward Banks Island through t he ext ensi ve system of
| eads, or open water channels in the ice cover, typically appearing
there in early spring (Braham et al, 1980b; Marko and Fraker,
1981) . Di screte points, terned “attractor” poi nt s, wer e t hen
specified al ong the resulting migratory path (Figure 2-3).
Attractor points are used to conpute directional bearings for whale
points as they are noved during a sinul ation. Sinulated whales thus
mve toward successive attractor points along the migration route.
For conparison, the migration route suggested by Richardson (1983) is
shown in Figure 2-4.

The positions of the attractor points along the  nigratory
path are dictated only by the degree of control required to nove the

whal es in the nodel. In areas where the whales generally follow
a narrow, wel | - defined route (e.g., the northbound migration
from Cape Lisburne to Pt. Barrow) or where novement is constrained
by land nasses (e.g., around St. Lawrence Island), cl ose spacing
of the attractor points is necessary to control the direction of
nmovenent . Areas in which the mgration corridor is w de and
poor | y-defi ned (e.g., crossing the Cwkchi Sea in the aut unm)
require only enough attractor points to define the general
direction of movenent . Prelimnary model runs were used to
deternine areas in which greater resolution was required, and the
nunb e r and spacing of attractor points  were adj usted as
necessary.

The m ni num spaci ng between attractor points and the maxi num
speed at which a whale <can swim dictate the maxi mum model

timestep. The node 1 timestep is variable, but  for sinpl e
m grational nodeling 12 hour s provi des adequate resolution of
whal e novenent. For sinulation of cetacean interactions with oil
spills, a shorter timestep is necessary to achi eve the greater
resolution of novenent needed to realistically assess the duration

and frequency of interactions.

The sinulated bowhead whale migration is further controlled
by defining each attractor point as one of three types. Pass
points direct the whale to the next sequenti al attractor poi nt
once the whale has cone within a specified radius of the first
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poi nt . Branch points allow whales to take alternate pathways at
certain |ocations. Associ ated with each branch point are possible
alternate routes to be followed, the probability of a whale taking
each route, and the first and |l ast days each route is open for

travel. Thi s latter factor di stributes the popul ati on anong
areas i n which bowhead whal es have been dserved, and can be used to
sinmul ate closure of certain pat hways by heavy ice. For

exanple, a branch poi nt allows different migration routes east
across the Beaufort Sea, depending on whether a whale arrives in the
early or | ate stages of the spring migration. Hol d points
constrain the whales to nmove within a set radi us of the point
until a specified day, after which they proceed to the next

attractor. Hold points are used to control the sunmer feeding and
winter novenent of the whal es. The winter activities of bowhead
whales are not well known. Therefore we sinulate the animals as

remaining in the vicinity of the 3 polynyas where they are known to be
at the beginning of the winter season.

To nove whales between attractor points, each point
(representing a single whale or a group of whales) s assigned a
vel ocity vector V. This velocity vector is conposed of three
conponent s: V., V,, andV, (Figure 2-5). The nmgnitude of VI is
the nean estimated swinmming speed of a whale in a given geographic
region at a given tine of year (Table 2-1). The direction of M is

defined parallel to the line connecting the attractor point the whale
has just left with the one toward which it is heading. V is a
random conponent parallel to VI , in either the sanme or the opposite
direction, reflecting observed variability in sw nmng speeds. Vs

is a second random conponent per pendi cul ar to vy, varying in
magni tude according to the observed dispersion of bowhead whal es.

Thus V.,is relatively snmall during the northward mgration in
spring, but relatively large (i.e., on the order of v;) during
feeding in summer. The net velocity magnitude |v] is subject to the
limtation that it must be |ess than or equal to a maxi num
sustainable swinmming speed, which varies by season and
geogr aphi cal region (Table 2-1). During a timestep of duration
A, each whale point is translated a distance |V|* At in the
direction of V, subject to land and ice boundari es. If a boundary

is encountered, new values of V,and V3, and a new displacenent are
conputed until a valid nove is defined.

Ice cover dynamcs are nodel ed deterministically based on
climatic data (Brewer et al, 1977; NOAA, 1984; LaBelle et al,
1983) . Because bowhead whales navigate through heavy ice (Braham
et al, 1984; Braham et al, 1980b; Marko and Fraker, 1981), only ice
cove r exceeding 9/10 concentration was considered potentially
sufficient to restrict their novenents; the 9/10 ice edge was
therefore ine lude d in the bowhead whale mdel. Duri ng
simulations, the ice edge location is updated at biweekly intervals.
At default, the model allows bowhead whales to migrate through any
degree of ice coverage, although the 9/10 concentration may
optionally be specified as limting. Thus ice cover is inn-linmting
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parallel to the mgration route. V.is a second random

conponent, perpendicular to V1 and v2,

-15-



Table 2-1. (bserved, estimted, and nodel ed bowhead whale swinmming speeds

SEASON LOCATI ON SPEED (km/hr) REFERENCE
OBSERVED
Spring Beauf ort 3.1 + 2.7 Braham et al, 1980b
Spring Beauf ort 4.7 + 0.6 Rugh and Cubbage,

1980

Sunmer Beauf ort 1.25 (a) Davis et al, 1983
Summer Beauf ort 4.7 + 1.9 Wursig et al, 1982
Aut umm Beauf or t 4.9 + 1.4 Koski and Davis
1980
Aut umm Beauf ort 2,8 - 5.6 Ljungblad, 1981
ESTI MATED
Spring St. Lawrence 0.8 - 1.1 (b
(April-July) Banks | sl and
Aut um Banks Island to 1.4 (¢
(August-Cctober) St. Lawrence Island
MODELED
Spring Bering Sea 1.4 + 0.7
Spring Chukchi 1.8 + 0.8
Spring Beauf ort 1.1 +0.5
Sunmer Beauf ort 1.1 + 0.5
Aut umm Chukchi-Bering 1.4 + 0.7
This observation is for “speed-nmade-good” , or the net displacenent of a

whal e over several hours, divided by the total time between the first and
| ast sightings.

Mean migratory speed for the spring mgration is estinmated by dividing
the total distance from St. Lawence Island to Banks Island (i.e., 2300
km} by the approxinmate tine of travel (i.e., 3-4 nonths).

Mean migratory speed for the autumm nigration is estinmated by dividing
the total distance from Banks Island to St. Lawence Island via the
Si beri an Coast by the approximate travel time (i.e., 3 nonths).
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for bowhead whal e novenents as sinmul ated here. |l ce cover is

nodel ed on a 0.5 degree longitude, 0.25 degree latitude grid. Leads
and polynyas (perenni al open water areas), which are generally
sub-gridscale phenomena, may be accounted for by al | owi ng
specific attractor points to control vhale mgration,

over-riding ice cover specified at the larger grid scale. In this
way, whales can be allowed to mgrate through cells in which the
general ice cover exceeds the limting concentration, but in which

| eads are known to exist during certain seasons. Addi tional ly,
whal es can be del ayed at specified attractor points during sinulation
of a heavy ice year. Movenents of bowhead whales are not restricted

by ice cover in the simulations reported here.

Tne initial geographic distribution of the population nust be
specified to sinulate the bowhead whal e annual migration. A primry

simulation is begun in the wnter, when it is assumed that all
bowhead whales are noving within their wi ntering areas. The total
popul ation is randomy distributed throughout these areas. Once an

annua 1  simulation has been run, the nodel can be initialized at any

day of the year from the simulated distributions stored on nagnetic
di sk.

Rat her than using one point per whale, the model can be nade to
run faster by allowi ng each point to represent sone |arger rumber
of whal es . Compari son of nodel runs using 100, 500 and 1000
points to represent the bowhead whale population of 3800* whales
shows no appreciable difference in ~calculated whale densities
in different survey areas throughout the year. This is due to the
| arge survey areas, typically greater than 10,000 knf, over which

density estimates are nmade. The sinmulations of mgration patterns
reported in this section have therefore enployed 100 points, each
representative of 38 whales. For finer scale sinulations, such
as interactions with oil spills, a larger nunber of points is

necessary to adequately resolve cetacean distributions relative to
the smaller oiled areas.

*Wien this study began, the bowhead whal e popul ation was estimated at

3800 whales (Zeh et al, 1983) . Since that time, the popul ation
estimate has been revised upward to approximately 4400 aninals
(Krogman et al, 1985 ins.). To be consistent with previous reports, we

“have retained the 3800 whale estimate. Since results are presented as
a percentage of the population, they remain valid for any population

size and the nunber of affected individuals in the population can
easily be cal cul ated.
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Al bowhead whales are released fromtheir wintering areas on
the same day to start the northward migration. This release date is
specified by the user and may be different for each year of a

simulation. In this mrine r, the effects of heavy and light ice
years on the tinming of t he nort hbound m gration may be
i ncorporated into the simulation. The user may also specify the
first day bowhead whal es nay pass through Bering Strait. Thi s

serves to hold the whales south of Bering Strait until the day
specified, and can be used to sinulate herding of the whal es and
delay in the migration due to particularly heavy ice.

Upon release from the winter grounds, each whale is assigned an
initial attractor point and appropriate mean heading. Once the
whal e comes within a specified distance of that attractor, the whale
is assigned to the next attractor and given a new nmean heading. In
this fashion whales are roved fromtheir wintering grounds in the
Bering Sea to their summer feeding areas in the Beaufort Sea and back
again. Figures 2-6a through 2-61 show snapshots of the sinulated
bowhead whale distribution for a “typical” year. The location of
the 9/10 ice concentration boundary is shown for reference on each
figure, but in this sinulation the whales’ nmovenments were not

restricted by ice. Al bowhead whal es began the morthward migration
on March 15, and encountered m bl ockage at Eering Strait. The
distribution of whales agr ees wel | with the sighting data, as
summarized in Reed et al (1984). Figure 2-7 shows the progressive

novenent s t hr oughout the year of 10 whal e points in the above
si mul ati on.

To calibrate the bowhead whale mgration nodel, we used
estimates of bowhead whale density from surveys of various areas and

months, as avail able. When the investigators presented density
estimates corrected for mssed or subnerged whal es, these values were
used in preference to those that were only effort-corrected.

The corrections for missed and subnmerged whales increased density
estimates by up to a factor of 8.

Unadj usted results of transect surveys usually underestinate the
actual nunber of whales present in the survey area because not all
whal es at the surface are seen by observers (mssed whales) and not
all whales are at the surface (subnerged whal es). Envi r onnent al
conditions during the survey, such as ice cover, sun glare, fog, and
sea state, affect the nunber of m ssed whales, while whal e behavior
determines the nunmber of subnerged whal es.

Corrections for mssed whales are obtained by conducting
experinents in which extra observers silently report whales seen, and
conparisons are nade between their reports and those of the survey
team The whal es not seen by both teans are considered to be m ssed
whal es. For nost of the corrected density estimates reported in this
study (Davis et al, 1982) , the missed whales are factored into the
estimate as follows (assuming two observers):

~18-
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Figure 2-6i. Sinulated distribution of 100 bowhead whale points on Septenber 1. Heavy
line is limt of 9/10 ice cover.
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S1 + S + 2B

Pobs
2N

wher e

Pobs = probability of a single observer sighting a whale
S1.S2 = nunber of sightings nade by the two observers independently
- nunber of sightings nade by both observers
N - the estimted number of groups of whales, calculated using
51,87, and B

Variances are calculated for both Pbs and N, using a procedure
outlined in Davis et al (1982), and these are factored into the final
variance figures. The value of Pbs is on the order of 0.70 for the
studi es conducted in the Canadi an Beaufort, and the standard devi ati on
on the order of 0.18.

A simlar correction factor is calculated for subnerged whal es.
The factor used by Davis et al (1982, pp. 54) was modified to correct
for the extrene skew and nodality in the distribution of surfacing
intervals; we will not report it here. However, in principal it
consists of the sum of the probability that the whale is at the
surface at the time of an encounter and the probability that it wll
be at the surface while the aircraft is within visual range of the
whal e,

S+ T
“surf
S+ U
wher e
Ps,f = the probability that the whale will be at the surface
S - the time spent by the whale at the surface
T . the tine the aircraft is within visible range of an object
at the surface
u “ the tine spent by the whal e under the surface
The correction for subrmerged whales was Ps, f = 0.261 + 0.025

during the 1981 study season in the Canadi an Beaufort. The overal |
density estimate is thus

NU.IICOI'I‘

Ncorr —
Pobs*Psurf
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wher e

Neorr = the nunber of sightings corrected for mssed and
submer ged whal es
Nuncorr = the nunber of sightings nmade during the survey

The scaling factor for the uncorrected nunber of whal es was

approximately 0.18 for the 1981 survey season. Di fferences between
i ndi vi dual surveys were taken into account during the actua
calculations, so that the factor Pg,g*Pgurf Varied somewhat. This

factor accounts for as much as an eight-fold difference between
observed density and corrected density.

Most studies did not report corrected density estimates. The
effort made during the summer studies in the Canadi an Beaufort has
been heavy in a relatively small area; other studies have enconpassed
much larger areas and |onger periods, where estinmates of tine spent at
the surface by the whales could not be made practicably.

To use the observed whal e densities for calibration, t he
mean and standard deviation of the observations in each surveyed
region for each season were calculated. Wien only ome seasonal survey
had been perforned in a region, the one observation was assumed to be
t he nean. A standard deviation was then estinmated as the average
coefficient of variation for all surveyed regions during that season
times the nean. The average coefficient of variation is the averaged
rati os of standard deviation to the nmeans of all observations for
which a standard deviation was cal culable in a given season:

cv -~ l/ng Si/xi

i=1

wher e
CV = average coefficient of variation
n = nunber of areas in which nore than one density estinmate was

avail abl e
si = standard deviation of density estimates in area i
Xi ~ nean of density estimates in area
For August data, ¢Cv was calculated to be 1.1; this value was
used to estimate standard deviations in July and  August

St andard deviations in Septenber were estimated froma CV of 1.2
cal cul ated from Septenber/Cctober data.

A sinmul ated density, Ds, is conputed by summing the rumber of

whal es in each pol ygon (survey block) at the end of each
simul ation day for each day of the observation period, and dividing

-33-



by the total nunber of "observation days” nmultiplied by the area of
the survey bl ock:

Dg = (NW- WP)/(ND-A)

wher e

Ds = simul ated whal e density (whal e/ knt)

NW = total number of whale points in survey area during all
days of survey

WP = nunber of whal es represented by each whal e point

ND = nunber of days of_ survey

A = surveyed area (km?)"

After conparison of observed and sinulated densities, the
sinmulated mgration was adjusted to attenpt to bring sinulated
densities Wi thin one standard deviation of the mean observed
density in each region. Adjustnments were nmde to the percent of the
popul ation follow ng various routes and going to the different hold
poi nts. Opening and closing dates of the branch points were also
adjusted. The route itself was not altered.

Figures 2-8a through e present the results of t he
calibration for those tines end areas for which density estimtes
are avail able. Figure 2-8a, which gives the densi ty conparisons
for April/ May, shows di fferences greater than one standard
devi ati on between observed and simulated densities in Areas 14,
19 and 20. According to the hypothesized mgration route, all
whal es traveling between Areas 12 and 16 nust pass through Areas 14
and/ or 15, Al though the simulation nmodel is generating acceptable
densities in Areas 12 and 16, those in Area 14 are high by alnost 3
standard devi ations. Conmbining the whale densities in Areas 14 and
15 still results in di fferences of al nrost 3 standard
deviations between observed and sinmulated densities. This seens
to indicate errors in observed density estimates in these areas,
since the whales nust pass from Areas 12 to 16 via this route. O her
di screpancies between observed and simul ated densities occur in
Areas 19 and 20, possibly indicating that simulated whales are
arriving in the western Beauf ort Sea too soon. However,
simulated and observed histograns of first time-of - passage at
Point Barrow (Figure 2-9) are in fair agreement. The discrepancies
bet ween observed and sinulated densities in Areas 19 and 20 nay
therefore be due to the consistently poor conditions under which
the surveys are nmade, and the difficulty of sighting whales

traveling through heavy ice cover. |If t he observations are
correct, then the nodel tends to overestimate whale densities in
this area in early spring, and will t herefore overestinate

interactions with potential oil spills.

Since the nean and standard deviation of observed densities
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Figure 2-8a. Comparison of

for April/My.

nunber indicates the sinulated density is
but the nunber of standard deviations-from
cal cul ated

observed and sinul ated bowhead whale densities
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Figure 2-8b. Conparison of observed and sinulated bowhead whale densities for

July .
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Fi gure 2-8c.

m ssed whal es

A+ with no follow ng nunber indicates the sinulated density is
hi gher than observed, but the nunber of standard deviations from
the mean coul d not be cal cul at ed.

for

and 7,

August .

Areas 10,
respectively.
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Conpari son of observed and sinulated bowhead whal e densities
11 and 12 are subsets of Areas 5, 6
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Conpari son of observed and sinul ated bowhead whal e densities for
Areas 5, 6 and 7 are subsets of Areas 1, 2 and 3,
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Figure 2-9,

(bserved and simulated distributions of bowhead whales passing
Pt. Barrow, Alaska. Simulation assunes a popul ation of 3800
whal es. (bserved data for 1976-1978 after Braham et al (1984);
for 1979 after Braham et al (1980a); for 1980 after Johnson et
al (1981); for 1982 after "Dronenburg et al (1983); and for 1983
after Dronenburg et al (1984).
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in Areas 1, 2, and 5 are zero, the nunber of standard deviations by
which the sinmulated value differs from the value observed could
not be cal cul at ed. The simul ation al | ows whal es
overwintering near St. Mtthew Island to pass through Areas 1 and 2
on their spring mgration, and a few stray into Area 5 as well. The
lack of sightings in these areas is either a resul t of the
difficult ice and weather renditions under which the surveys are
taken, or else indicates that whales from the south travel
further to the west or east than in the nodel. Si nce sinul ated
densities in these areas are small, it was decided not to
arbitrarily adjust the mgration route at this tine.

The density conmparisons for July (Figure 2-8b) are based on
only one vyear of data and thus are mot necessarily indicative of the
nmean t owhead whal e di stribution. In Areas 2 and 3 the
simul ated densities are considerably greater than those observed.
Qbserved densities in these areas are as nuch as a factor of 19
| ower than observed densities in the surrounding areas, whi ch
agrees Wwith various reports of bowhead whal es not noving into the
areas off t he Mackenzi e Delta and Tuktoyaktuk Peninsula until
August (Fraker et al, 1978). However, increasing the nunbers of
si mul at ed bowhead whales in areas east and west of this region to
reduce the si nul at ed densities in Areas 2 and 3 would result in
unacceptably high densities in Areas 1, 4 and 5. An integration of
the observed densities over the surveyed areas accounts for only
1430 ani mal s. Obvi ously the surveys are underestimating the nunber
of animals in each area, or the bowhead whal es have additional
sunmer f eedi ng areas whi ch have not been surveyed to det ermi ne

densities, or the population size has been overestimated. Several
recent studies have indicated that the whales are often very patchy in
distribution (Richardson, 1982; Cubbage et al, 1984). If the

population is distributed in large patches, and these patches are
m ssed due to low survey effort, the population in those areas wll
al so be underestinmated. The entire model ed  popul ation of 3800
whales is in this area for the months of July and August (Figures
2-6g,h), so it is «clear that densities in sone areas will be
overestimated, given the available data.

The August density conparisons (Figure 2-8c) show generally

good agreenent bet ween observed and sinulated densities in all
areas except the Canadi an Beaufort. In Areas 8 and 9  (Anundsen
Gul f) observed densities are based on only one year'’s
observations . Sinul ated densities are higher than observed, but
anecdotal sightings report large nunbers of animals present in the
Qul f (Fraker and Bockstoce, 1980). The other problem area is the
Mackenzi e Delta (Area 1) . Conmpari son  of the observed

densities shows the density in Area 11 (which is a subset of Area 6)
is more than 50 times less than that in Area 6 as a  whole,
whereas Area 11, being closer to the coast, might be expected to
have a greater density of whales (Fraker and Bockstoce, 1980) .

This appar ent inconsi stency in the observations makes good
agreenent between observed and sinul ated densities inpossible.
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The Septenber dens ity compari sons (Figure 2-8d) show
sinmul ated densities nor e t han one standard deviation fromthe

observed densities only in Areas 6 and 7. These areas, which are
subsets of Areas 2 and 3, respectively, have observed densities
which are much | ower than observed in the larger areas, in which
simul ation and observation are in good agr eenent . Since the

bowhead whal es are generally expected to remain in relatively
shallow waters’ for feeding, the extrenely |ow ocbserved densities in
Ar eas 6 and 7 seem anonal ous. However, this problem is
consi st ent bet ween August (Area 11) and Septenber (Area 6),
i ndicating that the nodel may bring too many whales too close to
shore in this area.

Figure 2-8e conpares observed and sinulated densities for
the period September/October. Si mul at ed densities are nearly
constant in the four surveyed areas, whil e observed densities
show a wide variability. In Areas 1 and 3 sinulated densities are
greater than one standard deviation from the mean observed Vvalue.
However, in order for the bowhead whales to have tine to cross the
Chukchi Sea and reach the northern Bering Sea by Novenber and
Decenber {(Braham et al, 1984), it follows that nost of the popul ation
will pass through Areas 1-4 during Septenber and Cctober. To reduce
the nunber of aninals passing through Area 1 to agree with
observations would require holding the animals in the eastern
Beauf ort Sea until Novenber, sending a greater nunber past Pt.
Barrow in August, or moving the nmean nigratory path further
of f shore. None of these alternatives seens warranted in light of
the current understanding of bowhead whale mgration (Ljungblad et
al, 1984) . To the extent that whale densities in an area are
overestimated by the simulation, whale-o0ilspill interaction
potentials predicted by t he nodel in these areas will be
over esti mat ed.

Limitations inherent in the ~collection of data may be
responsi bl e for some  of t he discrepancies we encountered. The
Study effort and number of surveys taken varies anobng years. Survey
met hodol ogi es vary between studi es. Surveys reflect the effects of
unusual years such as the late ice break-up in 1980 (Ljungblad
et al, 1984). I ndi vi dual whal es do not always go to the same areas
and their continual novenment introduces the possibility of redundant
observati ons. Extreme patchiness in the distribution, coupled with
| ow survey coverage, can also result in underestinates. (bservers do
not see all the whales in the area surveyed, and corrections for
m ssed or submerged whales are rarely reported. The  conbi nation of
these factors results in t he | arge degree of variability
evident in the range of observed densities (Figures 2-8a -  2-8e).
It is cl ear that the survey estimates underestimate total
densities or large nunmbers of whales are present in areas not
surveyed, since the  hypot hesi zed total popul ation is sel dom
accounted for by an integration over the entire surveyed domain.

42~




Figure 2-9 shows the observed and sinul ated nunber of

bowhead whal es passing Pt. Barrow each day in the spring. The
observed data are derived from ice canp counts. The first whales
general ly reach Pt. Barrow in the third week of April.
Subsequent whales pass in one to three peaks with the | ast whal es
passing in early June (Braham et al, 1984; Dronenburg et al,
1983) .

Simul ation results were conpared with observations from 1978
(Table 2-2). This year was selected because it is considered to be

one of the most conplete census surveys taken at Pt. Barrow
(Braham et al, 1984). Data taken during nost other years is
limted by t he | ength of the survey and adverse ice and weat her
condi ti ons. An F-test statistic was used to test for equal neans and

variances of the days of passing Pt. Barrow for the observed and
sinulated data sets. Conparison of the mean day of passing the ice
canp for the observed and sinulated data shows the hypothesis
of equal means cannot  be rejected at the 99% confidence
| evel . However, the hypothesis of equal variance about the mean day
of pass ing for the observed and si mul at ed Aoy can be
rejected at the 95% confidence level, with the simulated data
showing a higher variance. The mdel sinulates greater tenporal
di spersion t han was observed in 1978. The di screpancy is not
necessarily significant, because the mdel accounts for every whale
in the popul ation, while the census counts m ss whal es due to
whal es  passing beyond view of the ice canp, whales being submerged
as they pass, and whal es passing before or after the counts are
t aken. There is also considerable inter-annual variability, as shown
in Figure 2-9. The year 1978 may not be typical.

Table 2-2. Statistical conparison of nodel ed and observed (1978)
di stributions of bowhead whal es passing Pt. Barrow.

Mean Julian Day St andar d Nurmber of
Data Source of Passage Devi ation Cbservations
1978 (bservations 126 7.4 2158
lodel Simul ation 125 11.0* 100

*Standard deviations are significantly different from nmodel at the 95% | evel
(F = 2.21).
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2.3 Gay Wale Mdel

Only a few differences exist between the fornul ations of the
m gration nmodel for the gray whales and that for the bowhead
whal es. Because gray whales tend to travel very close to shore
(Figures 2-10a through 2-10h), often within 1-3 km of the coast al ong
much of their route in the southern Bering Sea (Braham, 1984; Rugh,
1984) a finer resolution grid was necessary to define land and ice
(0.25 degree longitude, 0.125 degree latitude).

Al though the annual migration of the gray whale stretches
fromBaja California to the Bering, Chukchi, or Beaufort Seas,
this study is concerned only with their novenents north of the

Al aska Peni nsul a. Therefore sinulations of gray whale migration
begin and end at Uni mak Pass. Sinulations may be run for
mul tiple years, but no locations are conputed or stored for the

periods between the whales’ departure south through Unimak Pass in
t he fall and their arrival back at Unimak Pass in the spring.
Initialization of the mdel therefore consists of specifying the
temporal distribution of whal es passi ng nor th  through Unimak
Pass.

Gray whal es pass through Unimak Pass in the spring for
roughly two months, beginning early in April (Hessing, 1983).
During this time two or three peaks in the nunber of aninmals are
general ly cbserved (Braham, 1984). The nodel reproduces this type of
behavior by allowing the user to specify the first day whales enter
the Pass, the nunber, duration and timng of the peaks and the
length of tine required for the migration through Uni mak Pass.

A major difference between bowhead and gray whales is the
response of each to ice. Bowhead whales often live well inside the
ice front. Gray whal es have mich | ess affinity for ice,
generally preferring to remain outside the ice edge. Therefore, for
sinmulation of the gray whale migration, the ice edge location (25%
5%, and 75% probability of occurrence for heavy, nedium and |ight
ice years, respectively) based on the ice atlas of LaBelle et al
(1983) is used to define the limting concentration of ice through
which gray whales will not pass. The ice edge location wvaries at
weekly intervals from April through Septenber as shown in Figure
2- ha. During the rest of the year, the more slowy accreting ice
edge varies at bi weekly intervals (Figure 2-11b). The nodel ed
novement of gray whales is constrained by ice during the spring and
sunmer . Whal es can move up to, but not through, the ice edge. Upon
reaching the ice, sinul ated whales nove in small random motions
until the ice edge shifts. Starting in Cctober, the ice begi ns
to advance southward. In general, gray whales have begun heading
south by this tine. Any whal es which may be caught inside t he
accreting ice wer are given a speed 1.5 tines their previously
assi gned speed until they regain open water. The factor of 1.5
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Figure 2-10c, d. Gray whale sighting data for ¢) June and d) July.
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Figure 2-10e, f. Gray whale sighting data for e) August and f) Septenber.
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allows the nodel ed whal es to reach, but not exceed, the maxi mum
observed swi mming speeds of southbound gray whal es. Once in open
water, they resune travel at normal speeds.

The mean migration path for the gray whales is shown in
Figure 2-12. In sone areas, only linited data are avail able to

substantiate the mgration route, In the spring, nmgration is
largely controlled by the presence of i ce. A lack of survey
effort in the fall is responsible for no sightings between
Nuni vak Island and  Uni mak Pass, so the migration route across

Bristol Bay can only be hypothesized. Surveys are planned for Bristol
Bay during the fall of 1986, but no data are yet available tw

substantiate a nmigration route. Due to data limtations, the results
of the polynomial curve fit to the sighting data were t 00
i nconcl usive to be used. The migration route was therefore devel oped
by placing attractor points sequentially along the hypothesized
route, using sighting data assenbl ed by Reed et al (1984) and
suppl emented by published sources  (Braham, 1984; Rugh, 1984; G| and
Hal |, 1983). For conmparison, Figure 2-13 shows the mgration routes

hypot hesi zed by various ot her researchers.

An exanmple sinulation was run with gray whales entering Uninak
Pass continuously from April 1 to June 1, peaking on April 20 and
May 20. A total of 141 whale points was used in the sinulation.
Figures 2-14a  through 2- 1th  present nmont hly snapshots of the
resultant distributions. The routes followed by 10 sanple whale
points are shown in Figure 2-15. These routes illustrate the
variability in the mgration pathways followed by the gray whale.

Observed gray whale densities from different seasons were

used to calibrate the nodel. As with the bowhead whal e nodel, the
sinmulation was adjusted to att enpt to achi eve simul ation
densities within one standard deviation of the observed nmean in as
many areas as possible. When only one observation was

available for a given region, the nmean was assurmed equal to the
observed value, and a standard deviation was cal cul ated as the
average coefficient of variation tinmes this estimated nean.
Multiple years of data in a given area were available only in
July, and, therefore, the average coefficient of variation of 1.1
calculated fromthe July data was used for each season to calculate
expect ed standard devi ati ons. Not e t hat this val ue is
equi val ent to t hat cal culated from bowhead observati ons,

indicating simlar variability in density estimtes between the two
speci es.

To calculate nodeled whale densities, the gray whal e
popul ati on which passes through Unimak Pass was assuned to total
about 17,000 aninals. This nunmber is the upper bound of the
11, 000- 17,000 ani mal s estimated by Rugh (1984). The sinulation
enpl oyed 141 points, so each whale point therefore represents 1.20
whales . Effort-corrected density data for gray whales is sparser
than that for bowhead whales. In No case are there more than 2
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a) northbound b) sout hbound

Figure 2-12. Mean pathways for simulated gray whale mgration, show ng
location of attractor points and nodel grid. Hold points
are shown with a double ring.




140°¢

150°¢ 160°= € (RN lslo'v |I40'I ulo- w ulu"_
| | |
USSR
CANADA
—_— QN
w ™ - b‘”\
V\II / =~ - - E ) 10N
L e
7 7’ Braham (1984)
/\/ / e = = Scammon ( 1874), Pike {1962), Rice and Wolman (1971}
B Kellogg(1929)
<+——+ Ichihara (1958) 0N
. m Gilmare (1955, 1960)
| | | I l L
Figure 2-13. Gay whale mgratory patterns hypothesized by other investigators (after Braham, 1984). Areas
where little evidence exists to support the indicated corridor

are boxed.



180 175 170 165 160 155
!

5¢ ] - \XM

61

}
AN Y’(\ J/

n

Figure 2-14a. Simulated distribution of 70 gray whale points on My 1.
Heavy line is limt of ice edge.

54—



180 175 170 155 160 155
72
70 ’/(C
\\\\
) =,
e8| - "\
J},-—*\.
LN
35 A

52

I

Figure 2-14b.

Simul ated distribution of 141 gray whale points on June 1.
Heavy line is limt of ice edge
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Sinul ated distribution of 141 gray whale points on July 1.
Heavy line is limt of ice edge.
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Figure 2-14h. Sinmulated distribution of 89 gray whale points on Decenber 1.
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Figure 2-15. Routes followed by 10 gray whale points during sinulated mgration
in the Bering and Chukchi Seas.
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years of density data available for any given regi on and season.
Therefore, a truly representative picture of average gray whal e
di stribution cannot be gained from the data. Cbserved and simul ated
whal e densities are presented in Figures 2-16a through 2-164d.
The observed densities in Figure 2-16a for the wmonth of My cone
from surveys in 1982 only, and are therefore not necessarily
i ndicative of an aver age distribution of whale density.
Sinmul ated densities are none the less within one (inferred) standard
deviation of those observed.

Figure 2-16b presents the conparison of observed and sinul ated
densities  for July. Only in Areas 1, 11, 12 and 15 do the observed

and sinul ated densities differ by for e t han one standard
devi ati on. Area 1, south of St. Lawence Island, has a 0.0
whales/km? observed density based on one year's  survey. Since many
gray whales gather off Southeast Cape and Gambell to feed early in
the sumer (Johnson and Nel son, 1984; Braham, 1984), the density
estinate is probably not representative of typical condi ti ons.

Simlarly, Area 15 in the central Chukchi Sea includes part

of a mjor feeding area (Marquette and Braham, 1982), as well as
conprising part of the migration route for animals heading for
the Alaskan Chukchi coast to feed. Its observed density of 0.0
whales/km?® also appears anomal ous. The sinulated density in Area
11 is low and is therefore probably not significantly di fferent
from the observed dens i ty  since observers could easily mss
sighting sparse nunber s of whal es. Area 12 i ncl udes a
substantial part of the central Chukchi Sea feeding area, but
observed density estimates are relatively [ ow. To bring t he
sinmulated density into better agreement with the observed density,
a large per cent age of the simulated whales summering in the
Chukchi Sea would need to be diverted into other areas. Si nce
agreenent is already quite good in the rest of the surveyed areas,
most of the animals would have to be sent into Soviet waters. At
this time, sufficient data is mot available to conclusively deternine
whether this is the correct approach. The percentage of the gray
whal e popul ation which sumrers west of the International Date Line
is not known. An integration of whale densities over the areas
surveyed shows that the July surveys account for slightly nore
than 7000 whal es, or about 40% of the popul ation. Large nunbers of
ani mal s have been reported in Soviet waters (Berzin, 1984). “L"he
density estimates for the Chirikov Basin for July and Septenber were

carried out under good conditions, so it appears probable that the
whal es are in Soviet waters.

The observed density used in Figure 2-1l6e is t aken from a

single survey whi ch  spanned two  days. This density cannot,

therefore, be consi der ed representative of typi cal Sept enber
di stributions. The sinul at ed density for this area is slightly
more than one (inferred) standard deviation fromthe nean, whi ch may

be considered acceptable given the linitations of using a single
short term observation for conparison.
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Simulation results for October/Novenber (Figure 2-16d) are in
good agreenment with observations. Again, however, t he observed
dat a is from only one survey and is not necessarily
representative of a typical year’s distribution.

The egress of gray whales from the Bering Sea typically
spans a two nonth period beginning early in Novenber, peaking in
| ate Novenmber and early Decenber (Rugh, 1984). The simul ation
replicates this pattern (Figure 2-17) and shows  reasonabl e
agreement with census counts taken at Unimak Pass. An F-test
statistic was enployed to test for equal neans end variances of
the day of passing through Unimak Pass between the observed and
sinulated gray whale popul ations. The sinul ation was conpared with
data fromthe years 1978 and 1979 (Table 2-3) . In 1978 the |argest
nunber of whal es was sighted, although the field season was shorter
“than in 1979. At the 99% confidence level, the hypothesis of
equal mean day of passing through Unimak Pass cannot be rejected for
the mdel and the 1978 observati ons, 1979 observations and conbi ned

1978- 1979 observati ons (F = (0.0000002, 0.00002 and 0.000003,

respectively) . The vari ances cannot be accepted as equal at the
95% confidence | evel when conparing each i ndi vi dual year’'s
variance with the sinulated variance. However, when conparing
the simulation and t he combined 1978-1979 data, which includes
year-to-year variability and may be nore representative of a
“typical” passage scenari o, the variances are not significantly

different at the 95%level (F = 1.0).

Table 2-3. Statistical conparison of nodel ed and observed
di stributions of gray whales mgrating south through
Unimak Pass.

Mean Julian Day St andar d Number of

Dat a Source of Passage Devi ati on (bservations
1978 Observations 336 9.5% 16, 600
1979 Cbservations 341 10. 3% 13, 400
Combi ned 1978 & 1979 339 9.9 30, 000
Model  Simul ation 336 9.9 141

% Standard deviations are significantly different from nodel at
95% | evel (F=1.09, F=1.08, respectively).
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2.4 Model Performance Summary

Computer nodels representing the migrations of bowhead snd

gray whales in Al askan, Canadi an, and Siberian waters wer e
concept ual i zed, progr amed, and cal i brated usi ng act ual
observations of migrations. The nodels for both species are able to
repr oduce whal e distributions which agree qualitatively and
quantitatively ‘with avail able sighting data (Reed et al, 1984).
Si mul at ed whal e densities are generally within one standard

deviation of the nmean observed densities in nobst areas.

Model calibration was perforned based on observed whale

densities. The high degree of interannual variability typical of
hi gh latitude mar ine envi ronnent s is reflected in the observed
di stributions of bowhead and gray whal es; the standard deviation is
greater than the nean observed density in alnost all cases. Arctic

envi ronmental conditions linit the quantity and quality of the data
avail able. The effort-corrected density data used for model
calibration des not account for the entire population in any

season. Sinulated densities, when significantly different fromthe
observations, always exceed the observed densities. Corrections for
m ssed and subnerged whal es have been found to increase the
estimated densities by as much as a factor of 8, and therefore
greatly influence calibration of the nodel. These factors nmade model
calibration somewhat difficult, but nodeled whale distributions

and novenents conpare favorably wth the main body of observational
data assenbled to date for these two species.

Figures 2-18 and 2-19 sunmarize the results of model
calibration using observed density estimates for the bowhead and gray
whale mgrations, respectively. The bowhead whal e nodel achieves

densities within one standard deviation of the nean observed
density in 70% of the conparisons. For the gray whale nodel, 80%
of the sinulated densities are within one standard deviation of
nean observed val ues.

The prinmary discrepancies between simulated and observed
densities of the bowhead whale exist in the areas west of Pt.
Hope and near Barter Island in April/May, in t he Canadi an
Beaufort near the Mackenzie Delta and Tuktoyaktuk Peninsula and in
Anunds en @ulf in July, August and September, and near  Pt.

Barrow in Septenber/Cctober. For the period Novenber - Mar ch,
bowhead whales are distributed anmong the hypot hesi zed
over-wi ntering areas. Data are not available to verify their

densities and distribution.

Maj or discrepancies between observed and sinul ated densities of
the gray whale occur in July in the central Chukchi Sea from Cape
Lisburne South to Bering Strait, and south of St. Lawence |Island.
For the rest of the Vyear, observed and sinulated densities
show acceptable agreenent, although it nust be noted that the
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observed densities from May, Septenber and Cctober/Novenber are based
on only cne year of observation. Gay whales are not expected to be
north of the Alaska Peninsula from early January through |ate March.

The areas noted above are those in which estimtes of

whal e-o0i|l spill interaction probabilities shoul d be regarded with
cauti on. However, since sinulated densities are greater t han
observed densities for these areas in all cases, any error will be

on the conservative side (i.e.
interaction probabilities).

, will result in overestimtion of
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3. Diving-Surfacing Model

A summary of the published data on the diving and surfacing of
bowhead and gray whales was included in the Phase | report for this

project (Reed et al, 1984). This information plus additional data
acquired during this second phase of the project have been analyzed to
devel op stochastic diving-surfacing nodels. Table 3-1 summarizes the

studi es from which raw data were obtained (see al so HMRI, 1985).

Initially, frequency distributions of the blow intervals from
each  Study were exam ned. Previous work had suggested that
survivorship curves mght be useful in detecting (Fagen and Young,
1978 ; Medved and Wnn, 1984 ms) and nodeling (Machlis, 1978)
distributions of intervals. Consequently, we cal cul ated survivorship
curves for all data as well (HMRI, 1985). Bot h anal yses indicated
that the distributions of intervals between blows were nodal, but that
the distributions differed between studies and a sinple two-behavior
nodel (one for each node in the data) of the type advocated by Machlis
(1978) woul d not adequately describe the distributions.

To determ ne whether the heterogeneities we observed between data
sets mght be a consequence of bias toward short intervals in sone
studies, we looked for correlations between length of observation and
mean and maxi mum bl ow interval, Bi ases were observed in the data for
nost studies. Method of observation seemed |ess inportant than survey
conditions in the genesis of such biases according to one investigator
(Wursig et al, 1984a). Bi ases due to length of observation affect the
mexi mum dive tinme and the relative frequency of long dives.

To test for heterogeneities in the distributions of Dblow
intervals anong the different studies, we used a Kruskal-Wallis
rank-sum test, and a nultiple conparison procedure based on this test
to make pairw se conparisons between the studies (Hollander and Wl fe,
1973) . We chose this procedure because large differences between the
variances in different studies were observed, and also because the
distributions were mot approxi mately normal (see recommendations in
Medved and Wnn, 1984 ins).

Table 3-2 summarizes the results of this Ilanmnation for the
bowhead whal e. We found significant heterogeneities between the
distributions of intervals collected on the westbound migration and
all other studies, regardless of method. Studies conducted during the
sumrering and eastbound phases of the migratory cycle did not differ

significantly overal |, although Wirsig et al (1984a) report
het erogeneiti es based on paranetric tests between the two years of
data they coll ected. Wursig’s methods were sensitive to the bias
against long dives in the intervals collected in 1983, and we feel
this bias explains the differences in their results. Wirsig et al
(1984a) also reported differences in blow intervals between different
categories of behavior and different age and sex cl asses. It is
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Table 3-1. Sources of surfacing data used for nodel devel opnent.

oservation

Ref er ence Type Speci es Locati on
Harvey and Mate

(1984) telenetry gray Baj a

Malme et al

(1983) vessel tracking gray S. Cal. Bight
Rugh (1984) | andbased gray S. Cal. Bight
Rugh (unpub)

Kent et al

(1982) | andbased gray S. Cal. Bight
Kent (unpub) | andbased gray S. Cal. Bight
Sumich (1983 ms) | andbased gray Pt. Loma
Rugh and | andbased bowhead Pt. Barrow

Cubbage (1980)

Wursig et al
(1982) aerial tracking bowhead Beaufort Sea

Wursig et al
(1983) aerial tracking bowhead Beaufort Sea

Reeves et al
(1983) vessel tracking bowhead Beaufort Sea
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Table 3-2.

Pairwise conparisons between studies using distributions of blow intervals for the gray whale, using a mualtiple
conparison test based on the Kruskal-Wallis retied sum test; whole table significant (§ = 335.24, df = 8, p <
.01). Each cell in the table gives the difference between mean ranks and indicates significance (* signifies
P <.p1). Sanple size, and nedian, mninumand maxi mum bl ow interval are given for esch study.

PHASE W NTER NORTHBND SUMMVER SOUTHBND SOUTHBND SOUTHBRD NORTHBND NORTHBND NORTHBND
SITE S1 P R PL SC 8t SC 83 YP1 YP2 YP3
S1 ---
UP * 1538.83 -
R * 1468.29 70.54
PL * 2559.91 ¥ 1021.08 1091. 62
SC '8l * 1184.11 354.73 1091.62  « 1375.80
SC *83 * 1485.47 53. 36 284,18  * 1074.44 301. 36
YP1 525.87 ¥ 2064. 70 17.18  * 3085.78 « 1709. 97 ¥ 2011.34
YP2 244.44 + 1294, 39 ¥ 199415  * 2315.46 939. 66 ¥ 1241.03 ¥ 770,31
YP3 176.80 ¥ 1362, 03 « 1223.84  * 2383.10 1007. 30 ¥ 1308. 67 702. 67 64.64
N 11070 717 372 670 284 1465 1168 1097 1225
MEDI AN 58 32 26 30 34 33 63 53 51
MAX 1553 700 465 331 952 586 1107 729 710
Site codes: Sl - San Ignacio Lagoon; UP = Unimak Pass; OR = Oregon Coast; PL = Pt. Loma (San Diego) ; SC, ‘ 81 = Southern

California Bight in 1981 SC ‘83 = Southern California Bight i n 1963; yp1 = Yankee Pt.
P. , mddle camp; YP3 = Yankee Pt. , south canp,

, horth canp; YP2 = Yankee



interesting that our conparison showed a narked difference between the

study of westbound migrants in a year when the fall ice cover was
heavy and all others (including data on spring mgrants under equal
ice cover ) . The nedian blow interval was lower for this study,

suggestive of rapid novenent at the surface.

Table 3-3 shows results for the gray whale. Again, the studies
differed in their nmedian blow interval significantly. The radio
tracking study’ in San Ignacio lagoon, and the observations of
nort hbound not hers and cal ves at Yankee Pt. were not significantly
het er ogeneous; the Pt. Loma study was different from all others. This
latter difference was probably due to a very much | ower representation
of intervals in the long dive time classes, while the forner may be a
function of the large proportion of mothers and calves studied at both
| ocati ons. Differences in distribution of blow intervals explainable
by behavioral differences have been reported for the gray whale in the
Chirikov Basin (Wursig et al, 1984b), although we did not have access
to these data. Bl ow interval s were heterogeneous age classes in this
latter study as well.

A reasonable interpretation for our results and those published
is that there are fine-scale heterogeneities in surfacing behavior
based on activity and age of these whales, and sone broadscale
differences mot identified by any one study between phases of the
mgratory cycle. We decided not to attenpt a nodel of fine-scale
behavi or since all studies reported that the bowhead whale was very
unpredictable in location and type of behavior fromyear to year and
little informati on was available north of Uninmak Pass for the gray

whal e . Because the nodel we were devel oping was intended to be very
broad scale, and because there were no data for many phases of the
mgration, we decided to pool the data from all studies. W

understand that the studies conducted are by no nmeans unbi ased surveys
of all behaviors and all areas. Future versions of the nodel based on
additional data collected during various phases of nigration m ght
account for the differences observed between westbound mgration and
summering, and eastbound migration of the bowhead whal e. Further work
in the Bering Sea would be necessary to create such a nmodel for the
gray whal e.

Sequencing of blow intervals was also an inportant factor in
modeling diving and surfaci ng behavior. Initially, we used a
ti me-series approach to nodeling the sequences but found it was not
appropriate to generating long sequences of nodeled behaviors,
al though the results of this analysis suggested that the current dive
tinme mght be predicted very well by the previous dive or previous two
dives (MMRI, 1985). W determined how nuch know edge of previous bl ow
intervals contributed to the prediction of the current blow internal

using an infornmation theory approach outlined in detail in Chatfield
and Lenon (1970). For both the gray and the bowhead whal e the average
uncertainty changed with know edge of previous dives. The difference

in H (average amount of information) between the current and previous
dive for the gray whale was 0.24, whereas it was on the order of 0.01
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Table 3-3. Pairwise conparisons between Studies using distributiona of blow intervals for the bewhead whal e,
using a multiple conparison test based on the Xruskal-Wwallis ranked sumtest; whole table significant
(H=2335.24, d£ =8, p<.01). Each cell in the table gives the difference between nean ranks and

indicates Significance (*) . Sanple size, and nedian and mexi num blow interval are given for each
study.
PHASE EASTBOUND EASTBOUND VESTBOUND SUMMER SUMMER
SITE C. LISBURNE PT. BARROW AK  BEAUFORT CAN . BEAUFORT , * 82 CAN . BEAUFORT , ‘' 83
C. LISBURNE
PT. BARROW 217.79
AK BEAUFORT * 263.92 * 481.71
CAN. BEAUFORT,’82 58. 28 159. 51 * 322.20
CAN. BEAUFORT,'’83 163. 69 54.10 * 427,62 *105. 41
N 254 145 909 383 454
MEDI AN 15 19 12 15 18.5
MAXI MUM 1201 534 1293 1859 773




for second and third previous dives. For the bowhead the values were
0.26 for the first previous, and 0.44 for the second previous; the
val ue could not be conputed for the third previous dive. This means
that a first-order Markov transition matrix could be used to nmodel the
sequences of behaviors for the gray whale quite readily, whereas a
hi gher order nodel m ght have explained the behavior of the bowhead
whal e better. Unfortunately, data in the |onger dive-tinme classes
were not sufficient to produce such a nodel,

To develop the Markov transition matrices wused to describe
bowhead and gray whale diving behavior, the original sequences of
surfacing intervals derived fromthe ensenble of all data sources were
broken into bins or categories. Each category was a range of dive
intervals, which was chosen to be as broad as possible while still
representing the nodal frequency distribution of observed blow
i ntervals.

Figures 3-1 and 3-2 show the categorized frequency distributions
for bowhead and gray whal e surfacing/diving behaviors. In each case,
five bins were identified. For bowhead whales (Figure 3-1), the bins
are for blow intervals of 1-9, 10-19, 20-34, 35-349, and 350+ seconds.
As the figure shows, over 70% of the behaviors fall into bins one and
two (i.e., below 20 seconds), as night be expected fromthe 7:1 ratio
of blows per surfacing to dives for this species (Table 3-4). The
mean dive tinme was about 12 minutes (Figure 3-1), although the nean
interval between surfacings, including rolls and blows between dives,
is only 53 seconds. For gray whales (Figure 3-2), the bins cover
di ves of 1-24, 25-64, 65-124, 125-299, and 300+ seconds. Her e about
65% of the observations fall into the first two bins (i.e., below 65
seconds) . The mean dive duration for the gray whale is only about 3
mnutes, due to the |low nunmber of very long dives in the distribution
and a strong second node in the distribution at 125 seconds.
I ncludi ng short rolls between |onger dives, the nmean interval between
surfacings is about 2 minutes (Table 3-4). The bowhead whale thus
dives and surfaces for relatively long periods relative to the gray
whal e. This nmeans that if a bowhead whale encounters oil at all, the
exposure W ll be greater than for the gray whale (assum ng no change
in normal behavior), although its chances of encountering oil are
smal | er.

First and second order transition matrices were cal cul ated for
both species using all available data to maxim ze sanple size (see

di scussion on heterogeneity above). First order matrices represent
the probability of the current dive falling into a particular category
given the category of the previous dive; second-order matrices
represent the probability of the current dive category given the
categories of the previous two dives. While the second-order matrix
m ght provide a better estimate of the current dive in the case of the
bowhead whale, it also required nore data than were available; for

consi stency we used a first order nodel for both species.
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Tabl e 3-4. Mean dive times, nunber of blows/surfacing, nedian
blow internals and nmean intervals between surfacings for
gray and bowhead whal es.

Mean | nterval

Medi an Bl ow Bet ween
Mean Dive Mean Bl ows/ [ nterval Surf aci ngs
Time (see Sur f aci ng (see) (see)
G ay
Whal e 186 % 101 (SD) 2 +1 (3D 20 53
Bowhead
Whal e 724 * 549 (SD) 7 £ 3 (SD) 15 94

In order to determne a nunber of surfacings within a given
period of time, the diving-surfacing model is run as follows. First,
a random rumber is sel ected between zero and one. This nunber is used
to identify the category fromwhich the first dive will be drawn. For
exanpl e, assume that a bowhead whal e sequence is to be generated, and

the random nunber drawn is 0.782. From Figure 3-1, we select the
length of blow internal at which 78.2% of the intervals are as snall
or smaller; in this case we select a point which falls within bin 3,

20- 34 seconds. A second mumber between O 1 is drawn, and used in a
simlar fashion to assign a specific duration within the range of bin
3. The mean wvalue of the appropriate sub-bin (or histogram step,
Figure 3-1) is used as the actual value of the initial dive. This
dive duration is subtracted fromthe time period of interest and the
nunber of surfacings is set to one. Now two nore random nunbers are
generated, and the Markov transition matrix is entered to deternine
the bin for the subsequent dive given the bin of the first dive and
the first of these random nunbers. The actual duration of the second
dive is then assigned using the second random number to determ ne
which sub-bin the dive should come from The dive duration is
subtracted fromthe remaining tinme in the period of interest, and the
nunber of surfacings is increnented by one. This process is carried
out for as long as the nodeled whale is in oil

To test the behavior of this nodel relative to the observed
distributions, we generated sequences of 2000 dives and conpared the
distributions of intervals in these sequences with the original
distribution using the Kruskal-Wallis rank sum test. Di fferences
between 10 sinmulations and the original distribution were not
significant by this nmeasure (H = 19.01; df = 9; p > .01).
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4. Ol Spill Mdel

An oil spill trajectory and fates nodel is used to
generate time series of surface area coverage as input to the
m gratory bowhead and gray whale nodels. This report section
documents the algorithms and net hodol ogi es underlying the trajectory
model . The model is based on a conprehensive three dinensional oil
spill fates sinulator originally developed for the Departnment of
Ener gy and the Bureau of Land Management for oil spill - fishery
i mpact assessnment (Cornillon et al, 1979a, b; Reed, 1980; Anderson
and Spaulding, 1981; Reed et al, 1985; Spaulding et al, 1982a, b,
1985) .

4.1 Gl Spill Drift

Surface oil is represented in the nodel by a series of oil
patches, or spinets. Spi nets can assune any shape, but in the
present study they are constrained to circles, facilitating spreading
as well as whale interaction conputations. Al though the spinets
thensel ves are circular, the use of a nunber of spinets allows the
nodel to estinmate spatial distributions which are non-circular; the
nore spinets one uses in a simulation, the better the nodel can
resolve irregul ar shapes and patterns, as well as oil “patchiness”.

The oil spill trajectory nodel conputes transport based on
wind, wave, and ocean current (hydrodynam c) submodels. Wnd and
wave effects have been conbined together for the work described
here, such that the novement or drift of oil in open water can be
expressed by the follow ng vector relationship:

Ugil ~-Wwind .t Utide " Uresidual (1)
wher e
Uoil " oil drift vector (ni's)
Uyind - wind induced surface oil slick current vector,
including Stokes drift (nis)
“tide - tidal current vector (m's)
‘residual -~ residual current vector (nifs)

The wind and tidally induced flows typically vary on tinme
scales on the order of hours. The residual flows on the other
hand are quasi - per manent currents i ncl udi ng tidally i nduce d
residual currents, density driven currents, river induced flows, and
long termwi nd driven fl ows. This residual current field changes
on a much | onger tine scale, typically nonth to nonth, in response to
changes in the seasonal patterns of climatological forcing.

Fol | owi ng, well known enpirical fornul ations (e.g.,
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Stolzenbach et al, 1977), the magnitude of the wind driven
contribution to slick drift is paraneterized as 3.5% of the wind

speed. The direction of the wind-induced oil drift current is
nodi fied by a deflection angle, based on the recent work of Samuels
et al (1982) for Al askan coastal waters, taking into account the

influence of wind speed on deflection:

e = 25° exp (-10-8u3/vg) (2)
wher e
© - deflection angle (0), [clockwi se from the wind
vector in the northern heni sphere]
u - wind speed at 10 m above sea surface (ms)
v - kinematic viscosity of seawater (centistokes, cni/see)
g - acceleration of gravity (m/sec?)

At low wind speeds (<5 misee) the deflection is about 250 to the
right of the wnd in the wmorthern heni sphere, but decreases
towards 0° as the wind speed increases.

When oil is located beneath ice the movement is considerably
nore conplicated (Sayed and Abdelmour, 1982; Uzuner et al, 1979;
Cox and Schul t z, 1981a,b). When the rel ative speed between ice

and the underlying water is below a critical threshold value, the oil
is effectively trapped by the ice roughness end hence nmoves wth
the ice. If the ice is stationary (i.e., fast ice) the spill of
cour se remai ns fixed. This threshold or critical speed is
estimated from Cox and Schultz (198la,b) and Cox et al (1981) by
the enpirical expression

Uen = 305.79/(88.68-u) (3)
wher e

Ugp ~ threshold current speed (cm's)

g - viscosity of oil (poise, gmcmsee)
As  the viscosity increases, due to tenperature decrease or
emul sification, t he threshold val ue i ncreases dramatical | y.
Once the critical value is exceeded, the oil begins to nove

according to the relationship (Cox et al, 1981)

‘oil ~Uyater (1-( K/0.115F + 1.105)%) (4)

wher e
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Usil " oil drift speed (cms)
‘wat er - Wwater speed beneath the ice (cnis)
- roughness anplification factor
(1 for smooth ice, greater than 1 for rough ice)

The densimetric Froude number, F, is conputed as
F = Uvater/(8(Py po)8/pu)’
wher e

g - gravitational acceleration (cm/sec?)
pw - density of water (gm/cm?)

Po - density of oil (gm/cm’)

§ - thickness of the oil slick (cm

Following the data of Cox et al (1981) we have assumned that K
increases quadratically from 1 to 2.8 as the ice roughness goes
from0.1 to 1 cm If the ice is snoother than 0.1 cmor rougher
than 1.0 cm K is held constant at 1 and 2.8, respectively. Since ice
roughness is paraneterized as 20% of ice thickness (NORCOR, 1975), we
are generally operating at the latter limt.

The expression gy Ugzter includes only the tide end
per manent  or resi dual currents,. the wind driven surface
vel ocities being assuned as zero below the ice. The oil wunder ice
is t hen advect ed usi ng Eq. (4), provided the t hreshol d
vel ocity has been exceeded.

For spills in broken ice fields our know edge of the
dynam cs  of oil-ice interaction is extrenely sket chy,
particularly in terns of quantitative definitions (Thonas, 1983a;
Stringer, 1980; Stringer and Weller, 1980) . Usi ng observations
that oil incorporated in a drifting field of broken ice responds
simlarly to the ice (Thomas, 1983b; Al l en, 1983; Coon and

Pritchard, 1979; Lewis, 1976; Re imer, 1981) we use a sinple ice
drift model to predict the notion of the oil.

Assunming that the ice is in free drift, steady state notion,
that the ice thickness is on the order of one neter, and that the
water columm depth is approximately 40 m we can approxi nate t he
wind driven motion of the ice based on a numerical ice drift
nodel for the Bering Sea (Overland et al, 1984) as:

Uice = 0.033 u Cos (35°) (5)
wher e

Uice =~ ice drift wvelocity (ns)

U - wind speed at 10 m above the sea surface (nfs)
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The deflection angle between the wind and ice induced movement is 35°
to the right of the wind (Overland et al, 1984). Although Overland
reports deflection angle variation with both water depth and wind
speed, the variability is small, and is neglected here. This approach
only applies for the case when the ice is assuned to be in
free drift. Wien broken ice approaches the shoreline, fast ice,
or pack ice, this met hodol ogy is not strictly applicable, and
sinulated trajectories nearshore in ice-covered waters will therefore
be unreliable.

In the Chukchi and Beaufort Seas, mean ice notion at greater than
90% ice cover is dictated by motion of the pack ice as a whole more
than by local wind forcing. The nean notion of the ice pack north of
70° N, south of 74° N, west of 141° W (Denarcation Point), and east of
180° W (Wrangel Island), appears to be consistently toward the WNW at
about 2 kmday with a random conmponent of about the sane order of
magni tude (Murphy et al, 1983; Col ony, 1979; Col ony and Thor ndi ke,
1984) . Al though sone ice occasionally drifts through the Bering
Strait into the northern Bering Sea, this is not the norm (Col ony and
Thor ndi ke, 1985). Following the dbserved behavior of sea ice buoys in
t he sout hern Chukchi Sea, the motion of pack ice south of 70° N and
north of 68° N (circa Pt. Hope) will be nodel ed as being at 2 knlday

towards the northwest, wth a random conponent of 2 km day. Duri ng
heavy ice years, it is quite possible that oil spilled under ice will
drift with the ice pack and becone incorporated into the transpolar
drift stream In such cases, the interaction sinulation ceases when
%28 I\(l)il is transported farther west than 180° W or farther north than

4.2 Spreading

Ol spreading in open water is calculated using t he
gravity-viscous formulation of Fay (1969, 1971), Fay and Hoult (1971),
and Hoult (1972). This is the second of three regi mes accounted for

by these authors, and is the basis for the “thick slick” equation used
by Mackay et al (1980). This approach is used in open water and up to
30% i ce coverage.

For oil spills under pack or fast ice it has been observed that
the oil is trapped by the under-ice roughness elenents and that the
oil will not nove unless the currents exceed a critical threshold. The
trapping volunme for perfectly smooth ice is 8,000 m3/km? and
progresses from 10,000 to 60,000 = /km® as the ice roughness increases
(Kovacs, 1977, 1979; Kovacs et al, 1981; Thomas, 1983a; Cox et al,
1981) . In multiyear ice trapping volunes up to 293,000 w’/km? are
possible due to ridging (Kovacs, 1977). Fol I owi ng the work of Thonas
(1983a), where the trapping areas have been assuned as a sinusoidal
function of the ice roughness anplitude and the roughness
paraneterized as 20% of the ice thickness (NORCOR, 1977) the oil
storage vol une per square kiloneter can be expressed by
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V = 0.0318 h x 106 m3 /km?

wher e

V - veil storage volune per unit area (md/km?)
h - ice thickness (m

If the ice thickness is 0.25 mor |less, the storage wlume is assuned
equal to 8,000 o /knf representing the |ower bound for oil storage on
a snooth ice surface (Cox et al, 1981).

Gl released under fast or pack ice is assumed to instantaneously
occupy that area of the oil storage volume necessary to accommodate the
spinet mass. The radius of the spinet is calculated by

r = (M/7rpOV)1~E
wher e

r - radius of spinet (km

M - nass of spinet (kg)

po - density of spinet (kg/m)

vV - veil storage volunme per unit area (m3/km?)

Addi tional spinets released under ice occupy adjacent storage vol unes
in direct proportion to their mass and the avail abl e storage areas.

The literature is extrenely sketchy regarding the behavior of oi
spreading in broken ice fields. Laboratory experinents by Free et al
(1981) show that low viscosity oils like diesel fuel can penetrate ice
fields, wth up to 90% coverage; however, the higher viscosity crude
oils were unable to flow through sinilar ice infested waters. Based
on the limted observations that ice tends to herd oil we have assuned
that the oil thickness is increased in direct proportion to the
percent of the surface area covered with ice. The radius of the
spinets has been assumed to be given by the Fay-Hoult spreading
al gorithm W have assumed that for ice coverage bel ow 30% open
water conditions prevail while ice concentrations above 90% correspond
to conplete ice coverage (LaBelle et al, 1983). Thi s upper bound
assunption has been nmade recogni zing the fact that when ice coverage
exceeds 90% the broken ice field behaves essentially like pack ice
and also to prevent the oil thickness fromgoing to infinity in the
sinple spreading, actually herding, algorithm employed here.
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4.3 Evaporation

The evaporation of hydrocarbons from each spinet is conputed
according to the mdel reported by Payne et al (1984), which uses the
rate cal culation of Mackay et al (1980). For an oil characterized
a series of boiling point fractions, the evaporation rate of the i
fraction is given by:

dM;/dt = K;iP;A £3/RT
wher e
Pi = vapor pressure of fraction i (atm)
A = slick area (nf)
fi = molar fraction of i remaining in slick
R = gas constant (8.206 x 10°atm-m3/g-mole-°K)
T = tenperature (°K)

The mass transfer coefficient Ki is computed by

Ki = 0.029 Uu0.78p-0 .11 / (My; + 29)/MW;
in which

u = wind speed (m/hr)

D = slick diameter (m

MW; mol ecul ar wei ght of fraction i

4.4 Entrai nment
The entrainment/dispersion of oil into the water colum from the

surface slick is based on Spaulding et al (1982¢c) in which the
di spersion rate F is conputed as

F = 0.1(U%/U,%2) e

wher e

reference wind speed (8.5 nisee)
constant (0.5 per day)
time (days)

q
I n

-88 -~



4.5 Circulation Dynamcs

The tidal and residual or net circulation in the Bering,
Chukchi, and Beaufort Seas has been cal cul ated using ASA's three
di mensi onal hydrodynani ¢ nodel . A brief description of the nodel is
presented below with a nore detailed devel opnent given in Oaen
(1980), 1Isaji and Spaul ding (1984), and Isaji et al (1982).

The three dimensional conservation equations for water ness,
density, and momentum w th the Boussinesq and hydrostatic assunptions

i nvoked formthe basis for the nodel. These equations are sol ved
subject to the followi ng boundary conditions. (1) At land boundaries
t he normal conponent of velocity is set to zero. (2) At the open

boundari es the sea surface elevation is specified as a series of sine
or cosine waves each with its own anplitude and phase or appropriate
gradients of the local surface elevation. (3) At the sea surface the
applied stress due to the wind is natched to the local stress in the

water colum and the kinematic boundary condition is satisfied. (4
At the sea floor a quadratic stress |law, based on the local bottom
velocity, is used to represent frictional dissipation and a friction

coefficient paraneterizes the |oss rate.

Operating in the two dinmensional vertically averaged node
the model was applied to the study area to determi ne the response to
the M, (sem-diurnal) and ¥ (diurnal) tides. These tides were
sel ected because they represent the two tidal frequenci es with
nost of the energy for the study area and have been shown by Liu and
Leendertse (1983) to adequately describe the tidal dynanics. For
the applications reported here, the mdel enployed a 12 nautical nmile

square grid on a spherical coordinate sys tern. Bat hynetric data
descri bi ng t he area was derived fromthe National Ccean Survey
(NOS) hydr ographi c data base. Boundary condition data for the

surface elevation, in ternms of the amplitude and phase of the M

and K, tides, was derived from Schwi derski’s (1981) deep ocean
tidal nodel and from data collected by Mocfjeld (1984).

4.6 Wnd Fields

An accurate representation of marine surface wnds is an

i nportant element of oil spill trajectory anal yses. For anal ysis of
specific oil spill trajectories, appropriate determnistic wnd
field data are necessary. The | and station Surface Airways
Observations (National dimatic Center’'s TDF-3280 fornat) obtained
and processed for the oil spill simulations reported here are listed
in Table 4-1. By selecting a year and nonthly start date at

random a 25 year record can yield 750 (25 annual records x 30 daily
start points per nonth) different real wind scenarios beginning in

any given nonth. By conbi ning nonths into seasons, the nunber of
avail able trajectories can be further increased. To  account for
differences between mean |and and sea climatologies, anplitude and
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defl ecti on angle corrections based on Brewer et al (1977) are

applied as a function of spill | ocation. Thi s methodology has the
advantages of being computationally and conceptually sinmple, and
produces historical wnd sequences whi ch are real: each
scenario has actually occurred. In addition, t he approach

accounts for the persistence associated wth weather patterns and
storm tracks, while agreeing with observed w nd speed and direction
probability distributions in long termsinulation tests.

Tabl e 4-1. Location of National Cimatic Center wind station records

used for oil spill trajectory sinmulations.
Years
Station Name Lat. N Long. W Recor ded
Barrow 71° 18’ 156° 47 49-76
Nor t heast Cape 63° 19’ 168° 56’ 53- 68
St. Paul |Island 57° 09’ 1700 13’ 55-81
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5. Mgrating Wale - G| Spill Mdel Linkages

The presence or absence of whales is assumed to have no effect on
the trajectory or spreading of spilled oil; the oil spill nodel is
therefore run independently and used to generate spill data (spill
size and location time series). The oil spill model output is then
input to the nmigration nodel. As a nigration simulation proceeds, the
position of each whale point relative to oil is continuously
moni t or ed. Each tinme a whale point trajectory intersects an oil
spinet, the cunulative tinme the whale spends in the oiled area is
cal cul at ed. M gration nmodel output consists of the total tinme each
whal e point was within the bounds of an oiled area.

Since whale points and oil spinets are noving simultaneously,
intersections may occur which fall between tine steps and consequently

woul d not be recorded by sinply conparing whale and oil |ocations at
the end of each tinme step. This situation is exenplified in Figure
5-1. The whale on the left (#1) appears to encounter the oil spinet,

whereas the whale on the right (#2) appears to avoid it entirely.
However, while whale #1 is swinming fromposition n+l to n+2 (towards

the top of the page), the spinet is processing from n+l to n+2

(towards the right), and whale #1 will therefore encounter only the
trailing edge of the slick. In addition, whale #1 is swinmng faster
than #2 during the tine interval from ntl to n+2, because a | arger
di stance is covered in the same anount of tine. Meanwhi | e, whal e #2,

on the right, noves slowy ahead into the path of the oncom ng oil
slick, and spends considerably nore tinme in oiled water than #1. The
concept of relative velocity is therefore used to deternmine if an
intersection of a whale's path with the oil spill trajectory has
occurred during the tinme step. The velocity and position of each
whal e point are re-calculated relative to the velocity and position of
each oil spinet (Figure 5-2). In other words, the process is
calculated from the viewpoint of an observer translating with the
center of the oil slick. If the line describing the relative novenent
of a point intersects the circunference of an oil spinet, the tine
the point spends within the oiled area is cal cul at ed. This process is
repeated for the life of the oil spill, and the tinme spent in oil is
sumed for each whal e point. M gration nodel output then consists of
the total tinme each whale point has been in oil covered water.

An auxiliary conmputer programis utilized to convert the tinme
spent in oiled water to a nunber of interactions of the whale points
with oil. An interaction is defined as a surfacing of the whale point
while in oil-covered water. A first-order transition matrix described
in Section 3 is used to describe the probability of a whale point’s
di ve duration falling within a certain tine range, given the length of
the previous dive. The length of this dive is subtracted fromthe
whal e point’s total under-oil time and the nunber of surfacings of the
point in oil is incremented by one. This process is repeated until
all the under-oil tine has been reduced to diving/surfacing sequences
for each whale point.
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Path of whale #2

Path of whale #1

@ - location of whales at subsequent timesteps, T s T 1> T .,

(O - outline and location of oil spinet at subsequent tinesteps
V - instantaneous velocities of whales and oil spinets

Figure 5-1. Positions of an oil slick and two m'gratin% whal es at
the end of three sequential timesteps. contrary to first
appearance , Whale #2 will spend nore time in oil-covered
wat er .
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Figure 5-2. Relative velocity, v

Vis the velocity of°the oil spinet, and

tBe whale relative to a fixed reference frame.
intersection, unless either V. or V
passed point B,
more conpl ex

» of a whale with respect to an oil spinet.

is the velocity of
AB is the chord of

_ _ channes before the whal e has
in which case the simulated interaction becones
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6. Mddel System Sensitivity Studies

Four  nodel conponents directly affect the wvariability of
cal cul ated durations and nunmbers of whale-oil spill interactions for a
given oil spill sinulation. These are:

(1) the nunber of discrete points used to define the dynamc
distribution of whales in physical space;

(2) the variability introduced by the random conponents of the
whal e migration nodels;

(3) the timestep used to sinulate whale novenents relative to
moving oil slicks;

(4) the stochastic variability of the dive tinme nodel.

Each of these paraneters or conponents has been subjected to
sensitivity analysis to determine its relative inportance to nodel
system out put.

The sensitivities of nodel output to the nunber of points used to
represent a popul ation and the stochastic components of individual
whal e point velocities are subject to variation wth geographical
| ocation and season. This is because both population density and mean
m gration speed change in space and tine, as discussed in Section 2.
When population densities are small or mgration velocities are |arge,

estimates of whale - oil spill encounters will be nobre sensitive to
nunbers of points and velocity variability. Sensitivity studies for
these paranmeters have therefore been performed for all planning areas
with the exception of St. George Basin. This area has been exenpted
because only gray whal es encountered oil, and only for spills released
directly in Unimak Pass. This spill location is very close to the

sout hern boundary of the gray whale migration nodel, so that encounter
estimates are governed primarily by boundary conditions placed onthat
model (i.e., oil spill release tinmes relative to peaks in the
distribution of gray whal es entering Uni mak Pass from the south).

Model sensitivity to the nunber of discrete points used to
represent the population was evaluated by selecting a specific oil
spill scenario for each species, and performng 10 sinulations of
whal e-oil spill interactions using 200, 500, 1000, and 2000 points to
specify the popul ation distributions. Table 6-1 sumarizes results
for the sensitivity tests of nunbers of points and stochastic
variability in the mgration nodels. In general, increasing the
number of points causes the nmean time-in-oil to stabilize, defining a
“true” mean value. Wien only 200 points are used to sinulate the
popul ation distributions, the mean wvalue of the total time in oil is
Wi thin approximtely 13% of the value at 2000 points for each species.
At 500 points, the estimate of the mean is within a few percent of
that at 2000 points. Also, as the number of points increases, the
mode 1 variability due to stochastic changes in individual point
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Table 6-1. Summary of sensitivity studies of nunmber of representative whale
points wused in sinulations and stochastic wvariability in
i ndividual migration velocities. Ten replicate sinulations were
perforned in each location, for each nunber of points.

Nunber of Mean nunber of St andard devi ati on
whal e whal e hours in about the mean
Speci es poi nt s oi | (X) (on-1) ‘n- 1%

NAVARI N BASI N

Bowhead 200 491 135 0. 27
500 544 64 0.18

1000 511 90 0.18

2000 553 66 0.12

G ay 200 102 46 0. 45
500 93 24 0. 26

1000 95 20 0.21

2000 95 11 0.12

BEAUFORT - CHUKCHI

Bowhead 500 166 28 0.17
2000 178 13 0. 07

G ay 500 109 37 0.34
2000 107 24 0.22
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trajectories fromone run to the next, op.17, Would be expected to
decrease. At nmore than 500 points, however, it can be seen (Table
6-1) that the standard deviation does not decrease consistently. This
suggests that the variability becones domi nated by stochastic
processes intrinsic to the mgration model (i.e., the random conmponent
of individual mgration velocities, and the stochastic selection of
mgration paths at branch points).

The sensitivity of the model estinates of total time whales spend
in oil to the conputational tinmestep was evaluated for two spill
scenari os. For both spill scenarios, the gray whale mgration, using
2000 points to represent the population, was simulated at 3, 6, 9 and
12 hour timesteps. Timesteps shorter than 3 hours were not
investigated, since 3 hours is the mninumresolution in the avail able
wind data used to run the oil spill sinulation nmodel. No <clear trend
enmerges as the conputational tinestep is increased (Table 6-2). The
estimated total tine in oil can be either greater than or |ess than
the high resolution (3 hour timestep) solution, depending on the
details of each scenario. From Figure 5-1, it can be seen that the
problemis akin to that of introducing aliasing errors in tinme series
analysis: a sanpling rate which is too slow (i.e. , a timestep which is
too large) relative to the rate of change in the process being studied
does not allow identification of the true characteristics of the
process (i.e., gives us an answer upon which we cannot rely). G ven
that the nodel estinmates at |onger timesteps diverge from the higher
resolution solution, it is clear that the 3 hour timestep nust be
retained.

The effect of stochastic variability within the diving-surfacing
mode I on conputed nunbers of whale-oil spill interactions was
evaluated by repeated sinulations with the dive time nodel for a
single whale migration/oil spill scenario. For each species, each
run differs only by the seed nunmber used to initialize the random
nunber generator in the diving-surfacing nodel. All ot her aspects of
the simlation, including oil spill and individual whal e poi nt
trajectories, remain constant. Results for each species are given in
Tabl e 6-3. The ratio of the standard deviation to the nean is about
3% for the gray whales, and 2% for the bowheads. It is clear that
only smal | run-to-run  variations are attributable to the
di vi ng-surfaci ng model, relative to variations attributable to sources
descri bed above.

The nunber of spill scenarios at a given site necessary to
represent adequately the effects of year-to-year variability on the
probability distribution of whale-oil encounters is another issue
whi ch nust be resolved for each study area. St udi es were perforned
compari ng the sumary encounter histograns for N=10, 20, 30, 40, and
50 separate scenarios. The results of these studies (Figures
6-1a,b,c) show that only small changes in the histogram occur for N >
20. Twenty to 30 scenarios, drawn at random from the historical wnd
record, are clearly enough to avoid biases in the output due to
extrene weather scenarios. This appears to be true in all three study
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Table 6-2. Sunmary of nmpdel system sensitivity to conputational tinestep,
showi ng total tine individual whale points are within oil slicks
for two spill scenarios. To reduce other sources of variability
the tests were run with 2000 individual points.

Mbdel Total tinme (hrs) i ndividual
ti mestep points are within oil slicks
At (hr)

Spill #1 spill # 2

3 390 120

6 393 90

9 480 118
12 413 86

Table 6-3. Summary of sensitivity studies of the contribution of the

di ving-surfacing nodel to variability in the nunber of whale-oil
interactions.

Nunber of repeat Mean number Sanpl e standard
si mul ati ons of whale oil devi ati on about
Speci es (M) encounters the nean
&) (°n-1) ‘n- 1%
G ay 20 26, 100 780 0.03
Bowhead 20 69, 500 1180 0.02
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areas tested. Again, St. GCeorge Basin has not been included since the
issue there is one of boundary conditions. Since conputational costs
are proportional to the nunber of cases simulated per release site, it
was decided to use 25 cases per season per site. This nunmber is also
consistent with past MMS/OCSEAP oil spill risk analysis work (e.g.,
Samuels and Lanfear, 1983).

It is of interest to know whether or mot the mmber of whal e-oil

interactions associated with a spill can be expected to scale linearly
with spill volume and duration. Since whales are not uniforny
distributed in space and time, we would ot expect such a scaling |aw
to hold for any specific spill scenario, although it mght hold in
Some nean sense. W hypot hesize two spill scenarios, each fromthe
sane |ocation and subject to the sane environnental conditions. Let
the spills have volunes Vi and V,, and durations t, end ta,
respectively, such that

V2 = aV1

tg = bt,
for scalars a, b > 1. If we neglect nonlinearities in the nass

renoval rate due to evaporation and dispersion, then the potential
exposure tine, E, for a whale encountering the larger slick should
scal e approximately as the ratio of the dianeters, D, /Dy . Assumi ng
that surface slicks in both cases will rapidly approach the sane
asynptotic thickness, then the areas scale as the vol unes,

Az = a'A1 y
and
Dp/Dy = Ja
Assuming the population to be honbgeneously distributed in the
spill area and noving random y, the potential exposure tinme for the
larger spill, E, should be further increased by the |onger duration,

t,, The ratio of the longer to the shorter exposure time, which due to
the low variability of the dive tine nodel will be very nearly equal
to the ratio of the nunbers of whale-oil interactions, is then

E;/Ey = Ja b

To test the hypothesis stated by this equation, we sinulated two
spills with the foll ow ng paraneters:

V, = 10,000 bbl
ty = 15 days
v, = 100, 000 bbl
t; = 20 days.
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Twenty-five weather scenarios were selected, applied to each spill
fromthe sane site, and the results averaged (Table 6-4). For this
test case, a =10 and b = 1.33, so that the expected mean exposure
ratio, Ep;/Eq;, should be approximtely 4.2. The mean ratio, conputed
in Table 6-4, is 7.2. Thus the scaling rule given above, although not
extremely accurate, appears adequate for order of magni t ude
esti mat es.

The assunptions used in arriving at the above scaling law
especi ally those concerning honogeneity of distribution of whales and
randommess in their novenents, are mot strictly valid. W therefore
expect some errors to arise in the estimation methodol ogy outlined
here. When extrapolating fromvery small to very large spills, these
errors may become significant, and can only be overcone by application
of the full simulation nodel system

In sutmary, the sensitivity studies described above denobnstrate

that:
(1) as the nunber of discrete points used to represent the
popul ati on increases, the mean total exposure tine
stabilizes;

(2) the variability of the exposure time estimte due to the
stochastic conponents of the migration nodel exceeds that
due to nunber of discrete points at about 500 points;

(3) a tinmestep exceeding the 3 hour timestep used to mun the oil
spill mnodel results in erroneous estinmates of whale-oil
i nteractions;

(4) the dive tine nodel contributes only a snall fraction of the
total variability of the interaction estimates;

(5) 25 scenarios are sufficient to avoid bias in the results due
to inter-annual variability;

(6) whale-oil interactions scale approximately with spill size
and duration in the average sense, although there is
consi derabl e variability fromone spill to another, causing

the approximation to be unreliable for specific cases;

(7) inter-annual variability in weather scenarios, and therefore

the difference between one oil spill trajectory and another,
represents the major source of variability in whale-oil
spill interaction estinates.

Additionally, the sensitivity analyses show that as the total
pot enti al exposure time (i.e., total time whales are within the
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Tabl e 6-4.

Enpirical test of theoretical relationship between spill size and
nunber of whal e-o0il encounters. One set is 10,000 ®bbl rel eased
over 5 days, the other is 100,000 bbl rel eased over 10 days. Each
scenario is simulated for an additional 10 days after |ast rel ease
of oil.

Nunmber of Whale - G| Encounters

v v

1 2 E; /E
Spill Scenario 10, 000 bbl 100, 000 bbl Interaction Ratio
1 0 191
2 882 2118 2. 40
3 1687 7566 4.48
4 6550 19033 2.91
5 612 6622 10. 82
6 1138 5659 4,97
7 4577 13365 2.92
8 0 0
9 644 6505 10. 10
10 1052 6439 6.12
11 1062 5426 5.11
12 169 4341 25. 69
13 2777 15183 5. 47
14 0 0
15 1027 14632 14.25
16 1403 14809 10. 56
17 1403 8159 5.82
18 940 4496 4,78
19 0 0
20 0 0
21 1406 6259 4. 45
22 611 5528 9.05
23 894 5217 5. 84
24 1243 1402 1.13
25 0 0
Mean* 1583 7648 7.2

*neglecting zero entries
g g
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bounds of oil slicks) decreases, nodel sensitivity to tinestep
i ncreases (Table 6-2). Since the exposure tine is not known prior to
running a simulation, all simulations are therefore run at the mininum
3 hour tinestep. The sensitivity analysis for nunber of points (Table
6-1) shows a significantly reduced variability at 500 points as
conpared to 200 points. The estimated mean val ue for the mumber of
whal e-o0i | interactions, however, does not change significantly as the
nunber of points increases beyond 500. Al'though the variability of
the estimate does decrease sonewhat, the gain is not great conpared to
the increased cost of performing sinulations using 1000 or 2000
poi nt s. (Sinulation costs increase approximately linearly with the
nunber of points used to represent the population.) Production runs
are therefore performed using 500 points and a tinestep of 3 hours.
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7. Application Methodol ogy

The 3 mjor conponents of the endangered whal e-oil spill
interaction nmodel system are the oil spill model, the whale migration
nodel and the diving-surfacing model. These nodels are run in
sequence followed by a set of statistical and graphics prograns to
generate nunbers and probabilities of whale-oil encounters. A 4-stage

conput ati onal process is enployed. First the oil spill nmobdel is run
to generate oil spinet sizes and |ocations (stage 1). These data are
then input to one of the whale migration nodels, and the tinme each
nodel ed whal e point spends in oil is calculated (stage 2). The
di ving-surfacing nodel converts time-in-oil to a nunber of surfacings
in oil (encounters) for each whale point and for each spill scenario
(stage 3). The average mumber of whale-oil encounters for a

particular site and the total probability of whale-oil encounters for
a planning area are then calculated (stage 4).

Since the presence or absence of whales has no influence on the
noverment of spilled oil, the oil spill nodel is run first (Figure
7-1). The location, timng and size of the hypothetical spills
simulated are as specified by MIS. As determined by sensitivity tests
(see Section 6), 25 spill scenarios are adequate to describe the
inter-annual variability in the wind record. Accordingly, 25 oil
trajectories are generated for each hypothetical spill site, varying
the environmental conditions at the tine of the spill. The wind field
is specified by randomy selecting a year and day within the desired
season, from the years covered by the historical w nd record. Ice
conditions vary fromheavy to light with 25% of the scenarios run
under heavy ice conditions, 25%under light ice conditions and 50%
under normal ice conditions . Note that “*heavy" and “light” are
defined here as the 25% and 75% southerly observed occurrences of the
ice edge, taken from LaBelle et al (1983); percent of ice cover within
the ice edge is taken fromBrewer et al (1977).

A continuous oil release is sinulated by releasing discrete
amounts of oil, or spinets, at discrete time intervals uniformy over
the duration of the spill. Spill scenarios are run for 10 days after
the last oil release to give each spinet a mninmmof 10 days for
nmovenent and weat heri ng. At certain locations and times of year, the
oil may be trapped in or under ice, effectively preventing its
weathering and limting its novenent. In these cases, the spill
scenario is run until each spinet has had 10 days of novenment in |ess
than 30%ice cover, or until the oil has been transported with the ice
outside the study area. Spi net sizes and locations are stored on
magnetic disk at 3 hour intervals during each spill sinulation for use
by the whal e mgration nodels.

In stage 2, bowhead and gray whale novenents are simulated for
each spill scenario to determ ne whether any whal es do encounter oil
and if so, the amount of time spent in oiled waters (Figure 7-2). To
reduce the required conputer time, whale mgrations are begun on the
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Figure 7-1. Stage 1 of the oil spill - endangered whal e nodel
system conputation of oil spill trajectories

using oil spill nodel
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START
STAGE 2

READ SPILL START TIME FROM DISK,
RUN WHALE MIGRATION MODEL
UP TO START TIME

LOOP
OVER CONTINUE MIGRATION MODEL RUN TO END OF
ALL TRAJECTORY RECORD, ACCUMULATING
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TO DISK
.
END
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Figure 7-2. Stage 2 of the oil spill - endangered whale model

system conputation of time spent by each whale
point in oiled waters using whale mgration nodel.
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first day of the nonth preceding the wonth in which the spill occurs
Whal e | ocation data for the first day of each mnth are generated from
previous migration runs for each species and are stored in separate
files for each ice year type. Initializing the model from these data
at | east 30 days in advance of the spill allows the random conponent
of the migration nodel sufficient time to generate different whale
| ocations for each scenario.

The migration nodel is run until the end of the oil spill, wth
spill statistics input continuously over the duration of the spill
fromthe results of stage 1. At the end of each timestep a check is
performed to determ ne whether any of the nodel ed whal e points have

encountered oil during the timestep. |f a whale point has encountered
oil, the time spent in oiled waters is calcul ated. A runni ng sum of
tinme-in-oil is maintained for each nodel ed whale for the duration of

the simul ation. After 3 and 10 days of spinet novenent in |less than
30% ice cover, the cumulative tinme-in-oil of each whale point is
stored.

The diving-surfacing nodel is then applied in stage 3 (Figure 7-3)
to convert the tinme-in-oil of each representative whale point to an
actual nunber of surfacings in oiled water. This process is repeated
for each spill scenario at a given site

In stage 4, the mmber of whale surfacings-in-oil determned for

each spill scenario at each spill site is used to generate statistics
of probable inpacts on endangered whales. Spill inpacts are
determ ned for both individual spill sites and planning areas as a
whole (Figure 7-4). For each spill site, data summarizing whale-oil
encounters are presented in 2 formats: 1) the nunber of tinmes oil is

encountered versus percent of the population and 2) the nunber of
surfacings in oil versus the total number of surfacings occurring over
the duration of the spill. Val ues are cal cul ated through both 3 and
10 days after the last oil release

To determine the first distribution, the nunbers of surfacings in
oil calculated for each spill scenario are averaged over the 25
scenarios at a particular site. The nunber of surfacings in oil are
sorted into bins or intervals of 100 surfacings in oil to preserve a
nmeasure of the relative nunber of oil encounters per whale. This
procedure yields a distribution defining the average percent of the
popul ation encountering oil in each of the bins of 100 surfacings.
Any particular spill scenario can have a greater or |esser inpact than
t he average.

To relate the nunmber of surfacings in oil to the total nunber of
surfacings occurring over the period of sinulations, the surfacings in
oil are calculated as a percent of the total mean number of surfacings
occurring for the entire popul ation over the spill duration. For
bowhead whales, we assune an average of 1637 surfacings per day per
whal e and a population of 3800 whal es. For gray whales we assune 920
surfacings per day per whale and a population of 17,000 whales. The
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spill duration is 15 days, which allows for a 5-day rel ease period and
10 days mnimum for each spinet to be exposed to weat heri ng. Thi s
anal ysis gives a neasure of the portion of all whale surfacings which
occur in oiled waters, averaged over all scenarios at a specific site,

and describes how those surfacings are distributed among the affected
popul ati on.
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8. Application to Planning Areas

Four planning areas in Al askan waters were selected by MMS for
investigation of the probable inpact of possible oil spills on bowhead
and gray whales: the Navarin Basin, the Beaufort Sea, the Chukchi Sea
and St. Ceorge Basin. For each planning area, 5 hypothetical |aunch
points were specified for oil release. Spill size, duration and
timng were also specified for each |aunch point.

Fol |l owi ng the methodol ogy described in Section 7 and using the
paranmeter values determined in Section 6, the nodel systemwas applied
to each planning area. For each spill launch point and season
selected within the planning area, 25 spill scenarios were sinulated.
The mgration nodels were then used to conpare the movements of
bowhead and gray whales with the oil trajectories. Statistics of
probable whale-o0il encounters were generated for each hypothetical
| aunch point.

Appendi ces A-D present in detail the number of times each whale
poi nt encountered oil for each spill scenario resulting in whale-oil
encount ers. Note that each migration simulation used 500 points to
represent the whale popul ation. Therefore for bowhead whal es, each
“point-oil” encounter represents 7.6 whale-oil encounters; for gray
whal es, each represents 34 whale-oil encounters.

8.1 Navarin Basin

The locations of the 5 hypothetical |aunch points selected by MBS
for investigation in the Navarin Basin planning area are shown in
Figure 8-1. Table 8-1 lists the geographic coordinates of each site,
the season over which spills are considered to occur and spill sizes
and rel ease rates. Spills at launch points 1 and 4 occur over a
spring season between February 1 and May 31. At the other sites
spills occur over a summer season |asting from May through Cctober or
Novenber . Trajectories for 25 spill scenarios at each of the 5
hypot heti cal |aunch points are shown in Figures 8-2 through 8-6.

Table 8-1. Specification of hypothetical spills in the Navarin Basin
pl anning area.

Spill Location Spi l'l Rel ease

Spil'l Longi t ude Latitude Volume Rat e
Site (w) (N Season (bbls) (bbls/day)
1 174° 05’ 60° 30’ Feb |-Muy 31 10, 000 2,000
2 178° 10’ 60° 30’ May 1-Nov 30 10, 000 2,000
3 1770 00’ 60° 00’ May 1-Nov 30 10, 000 2,000
4 177° 00’ 590 15¢ Feb 1- May 31 10,000 2,000
5 176° 00’ 62° 00’ May | -Ot 31 10, 000 2,000
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Bowhead whales will be present in the Bering Sea only during the
winter from approxi mately Novenber through April. During this tine
they occupy areas in the vicinity of St. Lawence Island, St. Matthew
Island and the @ulf of Anadyr. The migration nodel sinulates
one-third of the population wintering in the vicinity of St. Matthew
I'sl and. This portion of the population is the nost likely to
encounter oil spilled in the Navarin Basin Novenber through April.
Any spills occurring from May through Cctober will have no inpact on
the bowhead population since the whales will be morth of Bering
Strait.

G ay whal es begin entering the Bering Sea through Unimak Pass in
April. Once in the Bering Sea they remain close to the Al askan
coastline until reaching Nunivak Island. According to the simulated
mgration they proceed to St. Lawence Island after rounding Nunivak
I'sl and, remaining well east of the predicted spill trajectories
(Figures 8-2 through 8-5). G ay whales bound to or fromthe @l f of
Anadyr coul d possibly intersect the oil trajectories which nove north
and/or east of spill launch point 5 (Figure 8-6). The migration
pat hways fol | owed by gray whal es |l eaving the Bering Sea in the autum
are |l ess well-defined than those used in the spring, but still remain
to the northeast of St. Matthew Island. Predom nant winds in the
autum are to the south and west which wuld serve to keep any spilled
oil outside the major mgration corridors.

The nunber of spill scenarios at each launch point resulting in
whal e-0i|l encounters is given in Table 8-2. The number of tinmes each
nodel ed whal e point encountered oil is given in Appendix A for each
spill scenario resulting in whale-o0il encounters.

Tabl e 8-2. Nurmber of spill scenarios resulting in whale-oil
encounters for each site in the Navarin Basin planning
area.

Nurmber of spill scenarios (out of 25)

resulting in whale-oil encounters

Spill Site Season Bowhead Graz
1 Feb 1 - My 31 19 0
2 My 1 - Nov 30 0 0
3 May 1 - Nov 30 0 0
4 Feb 1 - My 31 1 0
5 May 1 - Ot 31 0 0
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Tabl e 8-3 presents the percentage of the population which wll
typically encounter oil spilled at each of the 5 launch points over
the seasons specified in Table 8-1. The percentage of the popul ation
encountering oil is further subdivided by the nunber of surfacings in
oil. In Table 8-4 the nunber of surfacings in oil are presented as a
percentage of the total nunber of surfacings occurring while oil is
present. Spills at site 1 were encountered by an average of 1.3% of
t he bowhead whal es. (Detail ed tables of results for each simulation
are included in Appendix A) These spills, occurring between February
and April, inpact the whales over-wintering near St. Matthew Island.
One spill trajectory of the 25 scenarios sinmulated at site 4 was
encountered by a small nunber of bowhead whal es. Averaged over 25
simulations, fewer than 0.1% of the animals encounter oil spilled at
| aunch point 4.

None of the oil trajectories sinulated from the Navarin sites
i npacted gray whal es. Gay whales tend to renain to the north and
east of the areas covered by spilled oil and so contact is unlikely.
One sensitivity run to nodel timestep used a spill beginning in June
at launch point 5. This sinulation did indicate several gray whales
contacting oil. Therefore, although the set of 25 scenarios selected
stochastically at | aunch point 5 produced no contact of gray whal es
and oil, such contact does have sonme | ow probability of occurring.

The accuracy of the npdel system results relies in part on the
ability of the nodels to produce realistic whale distributions. Only
sparse data exist to quantitatively describe the distribution of
either species in the Navarin Basin. For bowhead whal es, there exi st
only March sighting data indicating whales near St. Lawence and St.
Mat t hew | sl ands. Sighting data are |acking for bowhead whal es from
Novenber through February, although some portion of the population is
thought to overwinter in this general area. The actual novenents of
bowhead whal es over the winter are unknown. No bowhead whal e density
estimates are available. Sightings of gray whales in the Navarin
Basi n have only been made in Novenber (Brueggeman et al, 1984). The
mgrations nodels replicate the observations of whale distributions,
when available, and distribute whales according to their hypothesized
| ocati ons when observations are | acking. To this extent, the npdel
system predictions are consistent with our current understanding of
bowhead and gray whale mgration patterns in the Navarin Basin
pl anni ng area.

8.2 Beaufort Sea

Five sites in the Beaufort Sea (Figure 8-7) were selected by MVS
for investigation of the inpacts on the bowhead and gray whale
popul ations should a spill originate fromone of them The | ocati ons,
timng and sizes of the hypothetical spills are given in Table 8-5.
For 2 of the sites (sites 2 and 5), spills occurring over both a
spring and a sunmmer season were exam ned. Only sumer spills were
consi dered at the other sites. The oil trajectories for the 25 spill
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Tabl e 8-3. Summary statistics by Navarin Basin spill
nunber of bowhead whale - oil

popul ation. *

[ ocation of the
encounters by percent of the

a.  3-Day Results

Nunber of bowhead whal e surfacings in oil

Spi Il Spi | | 1- 101- 201- 301- 401-
Site Season -0 100 200 300 400 500 >500
1 Feb |- My 31 98.9 0.6 0.3 0.1 0.1 + +
2 May 1-Nov 30 100.0
3 May 1-Nov 30 100.0
4 Feb I-May 31 100.0 +
5 My |-t 31 100.0

h. 10-Day Results

Nunber of bowhead whal e surfacings in oil

Spi | | Spi || 1- 101- 201- 301-  4ol-
Site Season 0 100 200 300 400 500 >500
1 Feb |-May 31 98.7 0.6 0.3 0.1 0.1 + t
2 May 1-Nov 30 100.0
3 May 1-Nov 30 100.0
4 Feb |-May 31 100.0 + + +
5 May |-Gt 31 100.0
* Results are presented to the nearest 0.1% A ‘+ designates a val ue

greater than 0.0 but less than 0.1%
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Tabl e 8-4. Sunmary statistics by Navarin Basin spill location of the nunber
of bowhead whal e surfacings in oil as a percent of the total
nunber of surfacings occurring while oil is present.

a. 3-Day Results

Nunber of bowhead whal e surfacings in oil

Spi | | Spi | 1- 101- 201- 301- 401-
Site Season 0 100 200 300 400 500 >500
1 Feb I-May 30 99,9855 0.0070 0.0036 0.0014 0.0013 0.0004 0.0007
2 My 1-Nov 30 100.0
3 My 1-Nov 30 100.0
4 Feb |-May 31  99.9999 0.0001
5 May |-t 31  100.0

h. 10-Day Results

Nunber of bowhead whal e surfacings in oil

Spil | Spi | | 1- 101-  201-  30l-  401-
Site Season 0 100 200 300 400 500 >500
1 Feb |-May 31 99. 9902 0.0047 0.0026 0.0007 0.0007 0.0004 0.0008
2 May 1-Nov 30 100.0
3 May 1-Nov 30 100.0
4 Feb |-My 31 99. 9996 0.0002 0.0001 0.0001
5 Moy |-t 31 100.0
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Tabl e 8-5.

Spi | |
Site

Speci fication of hypothetical

pl anni ng ar ea.

iy %)

Spill Location
Longi t ude Latitude

(W (N
1430 700 3q-
155° 30’ 719 30’
1559 30’ 71° 30’
154° 71° 1%’
1589° 71° 10°
158° 71° 10

Season
Aug 1 - Ot 31
Apr 1 - Jun 30
Aug 1 - Ot 31
Aug 1 - Ot 31
Aug 1 - Ot 31
Apr 1 - Jun 30
Aug 1l - at 31
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spills in the Beaufort Sea

Spil'l Rel ease
Vol ume Rate
(bbls) (bbls/day)
10, 000 2,000
10, 000 2,000
10, 000 2,000
10, 000 2,000
10, 000 2,000
10, 000 2,000
10, 000 2,000



scenarios simulated for each site and season are shown in Figures 8-8
t hrough 8-14.

Bowhead whal es utilize the Al askan Beaufort Sea at 2 different
tinmes of the year during their annual migration. In April, My and
early June they pass Pt. Barrow en route to the eastern Beaufort Sea.
Due to constraints by ice, the nmigration paths are fairly well
defined. During this period bowhead whal es would be susceptible to
spring oil releases fromsites 2 and 5. The fall migration back to
the Bering Sea occurs during Septenber and Cctober. M grating whales
pass close to the 5 hypothetical spill sites, although the nigration
corridor is wider than that followed in the spring. Spi | I's occuring
at any site in Septenber or Cctober have the potential for inpacting
sonme portion of the bowhead popul ation.

Gay whales are only rarely seen in the Beaufort Sea and the
m grati on nodel does not sinulate any whales east of Pt. Barrow. A
portion of the gray whal e popul ati on does utilize the nearby Chukehi
Sea for feeding during the sunmer. This portion of the popul ation
could encounter oil spilled at one of the Beaufort sites near Pt.
Barrow which is transported into the Chukchi Sea. Gl spilled at
sites 2 and 5 in the spring could also cone in contact with gray
whales if the oil becones incorporated in ice. This mechani sm coul d
hold the oil in a relatively unweathered state until sumer when the
ice would nelt and the gray whales would arrive.

The number of spill scenarios at each site resulting in whale-oil

encounters is given in Table 8-6 for both species, In Appendix B the
nunber of tmes each nodel ed whale point encounters oil is listed for
each spill scenario.

Table 8-6. Number of spill scenarios resulting in whale-oil encounters
for each site and season in the Beaufort Sea planning area.

Nurmber of spill scenarios (out of 25)
resulting in whale-oil encounters
Spill Site Season Bowhead Gray
1 Aug 1 - Ot 31 17 0
2 Apr 1 - Jun 30 10 1
2 Aug 1 - at 31 17 0
3 Aug 1 - Ot 31 16 0
4 Aug 1 - Ot 31 15 0
5 Apr 1 - Jun 30 5 1
5 Aug 1 - Ot 31 10 5

Table 8-7 presents the mmber of whale-oil encounters by percent
of the population. For each of the 5 sites, a spill will impact an
average of 1-5% of the popul ation. Summer spills at sites 1, 2 and 4
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Table 8-7. Summary statistics by Beaufort Sea spill location of the nunber of
bowhead whal e-0il encounters by percent of the popul ation.*

a. 3-Day Results

Nunber of bowhead whal e surfacings in oil

Spill Spi | | 1- 101- 201- 301- 401- 501- 601- 701-

Site Season __0 __ 100_200 _ 300 400 500 600 700 800 >800
1 Augl-at 31 959 2.4 1.1 0.4 0.1 + + + +
2 Apr 1-Jun 30 98.5 0.8 0.4 0.2 0.1 0.1 +

2 augl-Ot 31 96.3 3.2 0.5 0.1 +

3 Aug 1-0ct 31 97.2 2.5 0.2

4 Augl-0tt 31 96.6 0.8 1.1 0.6 0.4 0.2 0.1 0.1 + +
5 Apr 1-Jun 30 99.6 0.3 0.1 +

5 Aug 1-0ct 31 99.0 0.8 0.1 +

b. 10-Day Results

Nunber of bowhead whal e surfacings in oil

Spill Spi | | 1- 101- 201- 301- 401- 501- 601- 701-

Site Season 0 100 __200 _ 300 _ 400 _ 500 _ 600 700 800  >800
1 Aug I-Ot 31 95.4 2.4 1.2 0.4 0.2 0.1 + o+ 4+ 0.2
2 Apr 1-Jun 30 98.5 0.8 0.4 0.2 0.1 + +

2 Aug |-Ort 31 96.0 3.3 0.6 0.1 +

3 Aug |-Ot 31 96.4 3.2 0.4 +

4 Aug |-Ott 31 96,0 1.1 1.4 0,6 0.5 0.1 0.2 + + +
5 Apr 1-Jun 30 99.6 0.3 + +

5 Aug |-t 31 98.7 1.1 0.1 + +

*Results are presented to nearest 0.1% A "+" designates a value greater than
0.0 but less than 0.1%
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tend to inmpact the higher percentages of whales. Spring spills at
sites 2 and 5 inpact relatively fewer whal es. The surfacings in oil
are presented as a fraction of total surfacings occurring over the
spill duration in Table 8-8. Fewer than 0.05% of all surfacings occur
inoil on the average for a spill at any site.

The estimated interactions of Beaufort Sea oil spills and gray
whales are shown in Tables 8-9 and 8-10. Gray whal es have the
greatest potential for encountering sumrer spills from site 5 since
site 5 is actually located near the northern bound of their summer
feeding range in the Al askan Chukechi Sea. Typiecally 0.2% of the gray
whales will encounter oil from a summer spill at site 5. Spring
spills at sites 2 and 5 have a very low probability of inpacting gray
whales , and if encounters do occur, only a very small percentage of
t he population is likely to be affected (Table 8-9). Sunmer spills at
sites 1-4 have no inmpact on gray whal es.

The validity of nodel systemresults depends upon the extent to
whi ch nodel ed whale distributions reflect actual whale distributions
Model ed bowhead whale distributions in the spring near Pt. Barrow were
found to agree well with observed whale densities (see Sections 2.2
and 2.4). East of 150° W modeled densities were slightly higher than
observed, which, if the observed densities are correct, indicates the
nodel systemwi |l over-estimate whal e-o0il encounters. However, only
sites 1 and 4 lie within the region east of 150° Wand spring spills
were not considered for either of these sites.

In August the nodel ed bowhead whal e densities along the Al askan
Beaufort coastline were slightly |ower than observed, although stil
within 1 standard devi ati on of the mean observed val ues. For the
period Septenber-Cctober, nodel ed densities were higher than observed
by as nmuch as 5 standard deviations fromthe nmean in sone areas. In
ot her areas, agreenment between nbdel and observation was quite good
Model ed whal e densities along the Al askan Beaufort are fairly uniform
whil e observed densities are highly variable between survey areas. |f
the observed densities truly reflect bowhead whal e distributions
during the fall nigration, the nodel system wll over-estinmate
whal e-oi|l encounters resulting from spills at sites 2 and 3 in
Sept enber and Cct ober.

For the areas inpacted by oil released fromthe Beaufort Sea
planning area sites, very little observed gray whale density data are
available for the times of interest. Model ed densities in July agree

well with observed densities along the Alaskan Chukchi coastli ne.
Therefore, the sinulated gray whale interactions with oil spilled at
sites 2 and 5 in the spring are probably reasonable estimtes of the
i mpact on the popul ation. No density estimates are available for gray
whal es in the Beaufort Sea and the migration nodel does not simulate
any whales in this area, although small nunbers of gray whal es have
been sighted off the Tuktoyaktuk Peninsula in the Beaufort Sea (Reed
et al, 1984).

- 134-



Table 8-8. Summary statistics by Beaufort Sea spill location of the nunber of

a. 3-Day Results

Spil |
Site

bowhead whal e surfacings in oil
of surfacings occurring while oil

Spil
Season

1awg |-Ot 31

2 Apr
2 Aug
3 Aug
4 Aug
5 Apr
5 Aug

1-Jun 30
-0t 31
|-t 31
1-0ct 31
1-Jun 30
-0t 31

b. 10-Day Results

Spil |
Site

1 Aug
2 Apr
2 Aug
3 Aug
4 Aug
5 Apr
5 Aug

Spil
Season

[-Ot

1-Jun
[-Ot
[-Ot
[-Ot

1-Jun
[-Ot

31
30
31
31
31
30
31

0-

. 9573
. 9850
. 9820
. 9888
. 9408
. 9982
. 9959

as a percent of the total nunber
is present.
Nunmber of bowhead whale surfacings in oil
1- 101- 201- 3ol 401- 501- 601- 701-
100 200 300 400 500 600 700 800 >800

0.0248 0.0110 0.0038 0.0013 0.0005 0.0002 0.0001 0.0002 0.0007
0.0077 0.0039 0.0018 0.0009 0.0007 0.0001

0.0154 0.0023 0.0003

0.0101 0.0010 0. 0001

0.0144 0.0191 0.0111 0.0076 0,0029 o0.0015 0.0011 0.0007 0.0007
0.0014 0.0003 0.0001

0. 0035 0. 0006

Nunmber of bowhead whale surfacings in oil

1-
100

101-
200

201-
300

301-
100

401- 501- 601- 701-
500 600 700 868~  >800

0.0194 0.0102 0.0037 0.0018 0.0005 0.0001 0.0003 0.0004 0.0017
0.0041 0.0022 0.0009 0.0006 0.0002 0.0001

0.0089 0.0015 0. 0001

0. 0072 0.0008

0.0094 0.0116 0.0054 0.0042 0.0012 0.0014 0.0003 0.0001 0.0005
0. 0009 0.0001 0.0001

0. 0027 0.0003
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Tabl e 8-9.

a. 3-Day Results

Spi |
Site

Spi |
Season

-0t 31
1-Jun 30
[-at 31
[-at 31
-0t 31
1-Jun 30
-0t 31

Aug
Apr
Aug
Aug
Aug
Apr
Aug

Ol O B~ O O

b. 10-Day Results

Spi |
Site

Spi |
Season

Aug |-t 31
Apr 1-Jun 30
Aug |-t 31
Aug 1-Oct 31
Aug |-t 31
Apr 1-Jun 30
Aug |-t 31

[SAENS 3 I SR S R

*Results are presented to nearest 0.1%
less than 0.1%

than 0.0 but

Sunmary statistics by Beaufort Sea spil
of gray whal e-oil

[ ocation of the nunber
encounters by percent of the population.*

Nunber of gray whale surfacings in oi

1- 101- 201- 301- 401-
—0 100 200 300 400 500 >500
100.0
100.0 +
100.0
100.0
100.0
100.0
99.8 0.1 +
Nunber of gray whale surfacings in oi
1- 101- 201- 301- 401-
0 100 200 300 400 500 >500
100.0
100.0 +
100.0
100.0
100.0
100.0 +
99.8 0.1 0.1 +

A "+" designates a value greater
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8. 3 Chukchi Sea

Five sites in the Chukchi Sea were selected by MMS as possible
sources of an oil release. For each site the inmpact of an accidental
oi | spill on both the gray and bowhead whale popul ations was
investigated for spills occurring over the season(s) specified by MVS
The locations of the sites, tinme periods over which spills are

considered to occur, and spill sizes and release rates are given in
Tabl e 8-11. The relative geographic |ocations of the 5 sites are
shown in Figure 8-15. Gl trajectories for the 25 spill scenarios

sinul ated at each site are shown in Figures 8-16 through 8-23.

Bowhead whal es are present in the Chukchi Sea in the spring and
[ate autum on their way to and from the Beaufort Sea. During the
spring magration in April and May the whales remain close to the
Al askan coastline, follow ng leads and cracks in the ice. Due to the
constraints inposed by the ice, the mgration pathways are relatively
narr ow. In the autum bowhead whal es cross the Chukchi Sea to follow
the Soviet coastline south to the Bering Sea. The migration routes
across the Chukchi Sea are not well known. The mgration nodel
simulates 2 alternate routes, allowing the nodeled whales to move
within fairly broad corridors.

Gay whales are typically present in the Chukchi Sea from July
t hrough Cctober, depending on ice conditions. The m gration nodel
sinmul ates approximately 20% of the gray whal e popul ation feeding al ong
the Al askan coast of the Chukchi Sea in the summer. Only this portion
of the population is likely to be affected by oil spilled at Chukchi
sites 1, 3, 4 and 5. Sonme spills fromsite 2 move toward the Sovi et
coastline; the portion of the gray population which feeds in Soviet
wat ers coul d possibly encounter this oil.

Table 8-12 gives the nunmber of spill scenarios resulting in
whal e-0il encounters for the 25 scenarios sinulated for each site and
season. The nunber of times each nodel ed whale poi nt encountered oil
and the tinme spent in oiled water is given in Appendix C for each
spill scenario resulting in whale-oil encounters.

The results of the bowhead whale nigration sinmulations are

summari zed in Tables 8-13 and 8- 14. Summer spills at site 3 had mo
i npact on the bowhead whales. An average of 1.5% of the population is
likely to encounter oil released during a spring spill at site 3.
Spills at the other sites can be expected to inpact |less than 1% of
t he popul ation on the average. In all cases the nunmber of surfacings
in oil represent an extrenely snall fraction of the total nunber of
surfacings occurring over the spill duration (Table 8-14).

Sinul ations of gray whale novenents indicate gray whal es encounter
oil spilled from all the Chukchi sites except site 1 spills in the
spring and site 2 spills. Summer spills at site 5 result in 1.4% of
the popul ation encountering oil (Table 8-15). Spills at the other
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Table 8-11. Specification of hypothetical spills in the Chukchi Sea pl anni ng

area.
Spill Location Spil'l Rel ease
Spil'l Longi t ude Latitude Vol ume Rat e
Site (W (N Season (bbls) (bbls/day)
1 159° 30’ 7(-0s50  Apr 1 - Jun 1 10, 000 2,000
159° 30’ 700 5o+ Jun 30 - at 31 10,000 2, 000
2 168° 55’ 70© 30 Aug 1 - Ot 30 10, 000 2,000
3 167° 68° 45 Mar 1 - Jun 1 10, 000 2,000
167° 689 457 Jun 30 - Ot 31 10, 000 2,000
4 163° 700 Jun 1 - Ot 31 10, 000 2,000
5 164° 69° 30’ Jun 1 - Ot 31 10, 000 2,000
164° 69° 30’ at 2 - Jan 30 10, 000 2,000
Table 8-12. Nunber of spill scenarios resulting in whale - oil encounters

for each site in the Chukchi Sea planning area.

Nunber of spill scenarios (out of 25)
resulting in whale-oil encounters

Spill Site Season Bowhead Gray
1 Apr 1 - Jun 1 10 0
1 Jun 30 - Ot 31 8 8
2 Aug 1 - Ot 31 6 0
3 Mar 1 - Junl 10 4
3 Jun 30 - Ot 31 0 8
4 Jun 1 - Ot 31 4 16
5 at 2 - Jan 30 0 19
5 Jun 1 - Ot 1 3 8
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Tabl e 8-13.

a. 3-Day Results

Spi | |
Sits

Apr
Jun
Aug
Mar
Jun
Jun
Jun
Ot

Gl OT ™~ W LW —

Spill

Season

1-Jun 1
30-t 31
-t 31
1-Jun 1
30-t 31
[-Ot 31
[-Ot 1
2-Jan 30

b. 10-Day Results

are presented to nearest 0.1%

Spi Il Spi Il
Site Season

1 Apr 1-Jun 1

1 Jun 30-O0t 31
2 Aug |-Ot 31
3 Mar 1-Jun 1

3 Jun 30-Ot 31
4 Jun -0t 31
5 Jun I-Ot 1
5 at 2-Jan 30
*Resul ts

0.0 but

Summary statistics by Chukchi Sea spill
of bowhead whal e-oil

| ocation of the nunber
encounters by percent of the popul ation.*

Nunber of bowhead whal e surfacings in oil

- 101- 201- 301- 401- 501- 601- 701-
__0_ 100 200 _300 400 _500 600_ 700 800 >800
99.5 0.4 0.1 + ¥

99.7 0.2 0.1 +

99.8 0.2 0.1 +

98.5 1.0 0.4 0.1 + + +

100. 0

100.0 +

100. 0

Nunber of bowhead whal e surfacings in oil

1- lol- 201- 301- 401- 501- 601- 701-
0 100 200 300 400 500 _ 600_700 800 >800
99.4 0.4 0.1 + + +
99.4 0.5 0.2 +
99.7 0.2 0.1 +
98.5 0,8 0.5 0.1 + + +
100.0
99.8 0.10.1
100.0
99.9 0.1 + +

A "+" designates a value greater than

less than 0.1%
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Tabl e 8-14.

Summary statistics by Chukchi Sea spill |ocation of the nunber

of bowhead whal e surfacings in oil as a percent of the tota
nunber of surfacings occurring while oil is present.

a. 3-Day Results

spi |
Site

Ol o1 B W w N

b.

Spi |
Site

Apr
Jun
Aug
Mar
Jun
Jun
Jun
Ot

Spi |
Season

1-Jun 1
30-t 31
-0t 31
1-Jun 1
30-t 31
-0t 31
-0t 1
2-Jan 30

10-Day Results

Spi |
Season

Gl OT DO WO R pd pd

Apr
Jun
Aug
Mar
Jun
Jun
Jun
Ot

1-Jun 1
30-O0t 31
-0t 31
1-Jun 1
30-t 31
-0t 31
-0t 1
2-Jan 30

Nurmber of bowhead whal e surfacings in oi

1- 101- 201- 301- 401-
0 100 200 300 400 500 2000
99.9965  0.0026  0.0007 0.0001 0, 0001

99.9978  0.0014  0.0007 0.0001

99.9985  0.0009 0.0004 0.0001

99.9873  0.0079  0.0032 0.0010 0.0003 0.0002 0.0001
100.0

99.9998  0.0001

100.0

99.9994  0.0005

Nurmber of bowhead whal e surfacings in oi

1- 101- 201- 301- 401-
0 100 200 300 400 500  >500-

99.9979 0.0015 0.0004 0.0001 0.0001
99.9979 0.0015 0.0005 0.0001
99.9990 0.0007 0.0002

99.9930 0.0038 0.0024 0.0004 0.0002
100.0

99.9995 0.0003 0.0002

100.0

99.9996 0.0003 0, 0001
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Tabl e 8-15. Summary statistics by Chukchi Sea spill location of the nunber
of gray whale-oil encounters by percent of the popul ation.*

a. 3-Day Results

Nunber of gray whale surfacings in oil

Spi | Spill 1- 101- 201- 301- 401-
Site Season 0 100 200 300 400 500 >500
1 Apr 1-Jun 1 100.0

1 Jun 30-Ot 31 99.5 0.4 0.1 + +

2 Aug |-Ott 31 100. 0

3 Mar 1-Jun 1 99.9 0.1 + +

3 Jun 30-Ot 31 99.3 0.5 0.1 +

4 Jun l-Ot 31 99.6 0.3 0.1 + +

5 Jun -0t 1 99.2 0.6 0.1 0.1 +

5 at 2-Jan 30 99.7 0.2 0.1

h. 10-Day Results

Nunber of gray whale surfacings in oil

Spi | | Spi || 1- 101- 201- 301- 401-

Site Season _0 100_ 200 300 400 500  >h00
1 Apr 1-Jun 1 100.0

1 Jun 30-Ot 31 99.3 0.5 0.2 + + + +
2 Aug I-Ot 31 100.0

3 Mar 1-Jun 1 99.8 0.2 + +

3 Jun 30-Ot 31 99.2 0.6 0.2 + +

4  Jun |-t 31 99.2 0.5 0.2 0.1 +

5 Junl-Ot 1 98.6 0.9 0.3 0.1 + +

5 at 2-Jan 30 99.7 0.1 0.1 +

*Results are presented to nearest 0.1% A "+ designates a value greater
than 0.0 but less than 0.1%
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sites affect less than 1% of the popul ation. As has been described
previously, the nunber of surfacings occurring in oil represent an
extremely small fraction of the total mumber of surfacings occurring
while oil is present (Table 8-16).

The results presented above assune the spill scenarios simlated
are representative of actual conditions which mght occur, and that
the modeled bowhead and gray whale distributions are representative of

t he popul ati on di stributions. For bowhead  whal es, density
observations used for model calibration are available in the Chukchi
Sea only for the period April - May. In general the nodel is able to
reproduce observed bowhead densities within one standard deviation of
t he observed nean. Simul ated densities are higher than observed in
the area offshore of Pt. Hope, although sinulated densities agree well
Wi th observations to the north and south. Since density observations

are mot available for the autumm mgration across the tukchi Sea, the
m gration nodel relies on sighting data and hypothesized routes to
simul ate bowhead whal e npvenents.

Gay whales are present in the Chukchi Sea from July through early
Novenber . Simulated whale densities in July agree well wth
observations for the eastern Chukchi Sea. In the southern Chukchi sea
near the Bering Strait simulated densities are rmuch higher than

observed. Only spring spills fromsite 3 move into this region, so
only estimates of gray whal e-oil encounters for site 3 spring spills
are likely to be high. Density estimates are not available in the

Chukchi Sea for the other nonths of interest.

8.4 St. George Basin

The 5 sites in St. George Basin selected by MVB for investigation
of o0il spill inpacts on bowhead and gray whales are shown in Figure
8- 24. Site 1 is located in Unimak Pass; site 5 is near the Pribilof
| sl ands. The spill locations, sizes and season(s) over which the
spills occur are given in Table 8-17. Spills at sites 1 and 4 are
consi dered over 2 seasons. Trajectories for the 25 spill scenarios
simul ated for each site and season are shown in Figures 8-25 through
8- 31.

Table 8-17. Speci fication of hypothetical spills in the St. George Basin
pl anni ng ar ea.

Spill Location Spi Il Rel ease
Spill Longi t ude Latitude Vol une Rat e
Site o (N Season (bbls) (bbls/day)
1 165° 540 15¢ Mar 1 - Jun 30 10,000 2, 000
1 165° 540 15+ Aug 1 - Dec 31 10,000 2,000
2 1680 560 My 1 - Ot 31 10,000 2,000
3 167° 550 30- My 1 - Ot 31 10,000 2,000
4 1680 530 45¢ My 1 - Ot 31 10,000 2,000
4 1680 530 45' Nov 1 - May 31 10, 000 2,000
5 1700 56° 40' Apr 1 - Nov 30 10,000 2,000




Tabl e 8-16.

a.

Spi | |
Site

GOl DN w w2

b.

Spi | |
Site

Gl O B W w N

Summary statistics by Chukchi Sea spill |ocation of the nunber

of gray whale surfacings in oil as a percent of the total
nunber of surfacings occurring while oil is present.

3-Day Results

Spill
Season

Apr 1-Jun 1
Jun 30-Ot 31
Aug |-t 31
Mar 1-Jun 1
Jun 30-Ot 31
Jun [-Ot 31
Jun -Gt 1
at 2-Jan 30

10-Day Results

Spill
Season

Apr 1-Jun 1
Jun 30-Ot 31
Aug |-t 31
Mar 1-Jun 1
Jun 30-Ot 31
Jun -0t 31
Jun I-Ot 1
at 2-Jan 30

Nunber of gray whale surfacings in oil

1- 101- 201- 301- 401-
0 100 200 300 400 500 >500
100. 0
99.9950 0.0039 0.0008 0.0002 0. 0001
100. 0
99.9988 0.0009 0.0003 0. 0001

99.9935 0.0050 0.0013 0.0001

99. 9948 0.0036 0.0010 0.0005 0.0001
99.9913 0.0063 0.0016 0.0007 0.0001
99.9969 0.0020 0.0010 0.0001  0.0001

Nunber of gray whale surfacings in oil

1- 101- 201- 301- 401-
0 100 200 300 400 500 >500

100.0

99.9953 0.0033 0.0010 0.0002 0.0001 0.0001 0.0001
100.0

99.9990 0.0008 0.0002

99.9960 0.0031 0.0008 0.0001

99.9942 0.0037 0.0013 0.0004 0.0003

99.9900 0.0064 0.0023 0.0009 0.0004 0.0001

99.9980 0.0011 0.0007 0.0001 0. 0001
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Bowhead whal es are not typically present in St. George Basin at
any tinme of year. The mgration model sinulates bowhead whal es
wintering south of St. Matthew Island but these whales do not extend
far enough south to be in any danger of encountering oil spilled at
the hypothetical St. George sites. In heavy ice years bowhead whal es
have been observed in the southern Bering Sea (Braham et al, 1984).
However these sightings are mnot thought to be representative of
bowhead whale behavior and are not represented in the nodel.
Therefore no sinulations were run to conpare bowhead whal e novenents
with the trajectories of spilled oil.

Virtually the entire gray whale population utilizes Unimak Pass to
enter the Bering Sea in April, May and early June and to leave in
Novenber and Decenber. A spill in Unimak Pass during one of these
periods of heavy usage could impact |arge nunbers of gray whal es.
Once in the Bering Sea gray whales remain close to the coastline as
they migrate around Bristol Bay to Nunivak I|sland. From here they
head for St. Law ence |sland before dispersing to various feeding
areas to the north. Al though a small nunber of whal es have been
observed to travel to the Pribilof I|slands (Braham, 1984), this
portion of the population is thought to be very small and is not
represented in the mgration model. |In the fall, gray whales return
to Unimak Pass following a broad path across the eastern Bering Sea.
These mgration patterns keep the gray whales outside the areas
impacted by oil spilled at sites 2, 3, 4 and 5.

The nunber of sinmulations resulting in whale-oil encounters for
each of the 5 sites is given in Table 8-18. Appendi x D presents the
nunber of tinmes each simulated whal e point encountered oil for those
spill scenarios which resulted in whale-oil encounters.

Table 8-18. Nunber of spill scenarios resulting in whale-oil
encounters for each site and season in the St. George
Basi n pl anning area.

Nunber of scenarios (out of 25)
resulting in whale-oil encounters

Spill Site Season Bowhead Gray
1 Mar 1 - Jun 30 0 12
1 Aug 1 - Dec 31 0 7
2 My 1 - at 31 0 0
3 May 1 - oct 31 0 0
4 My 1- Ot 31 0 0
4 Nov 1 - May 31 0 0
5 Apr 1 - Nov 30 0 0
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The results of the gray whale sinmulations are given in Table 8-19
and 8- 20. For a spring spill in Uninak Pass (site 1) an average of
3.5% of the population will encounter oil. A wnter spill in Uninmak
Pass results in an average of 2.9% of the population encountering oil.
The surfacings occurring in oil represent less than 0.1% of all

surfacings occurring over the spill duration in both seasons (Table
8-20). Spills at the other St. George Basin sites had m inpact on
gray whal es.

The probability of gray whales being oiled by spills in the St
George Basin planning area is relatively |ow. O the 5 sites for
whi ch spill scenarios were generated, only spills at site 1 located in
Uni mek Pass resulted in whale-oil encounters. A spill in Unimak Pass
will only endanger gray whales if its timng coincides with the
mgration of whales through the Pass, in April - My or Novenmber -
Decenber. The mgration model is able to replicate the observed

timng and distribution of gray whales as they enter and exit the
Bering Sea (see Section 2.3), mnimzing the uncertainty in the above
estinmates. It nust be noted that nodeled gray whale mgrations begin
and end just south of Uninak Pass, so no whale-oil encounters can be
calculated for spills which nove south out of the Pass. The novenents
of gray whal es across Bristol Bay and the southern Bering Sea are not
wel | known as the whales nmigrate south in the autum. The
hypot hesi zed route keeps the whales to the east of the sinulated
spills, and results in no whal e-0il encounters.
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Tabl e 8-19. Sunmary statistics by St. George spill location of the nunber
of gray whal e-oil encounters by percent of the population.*

a. 3-Day Results

Nunber of gray whale surfacings in oil

Spi Il Spi | | 1-  101- 201- 301-  4dol-

Site” Season 0 100 200— _300 400_ 500 >500
1 Mar 1-Jun 30 98.1 0.6 0.8 0.4 0.1 0.1 +
1 Aug |-Dee 31 99.1 0.5 0.2 0.1 + +
2 My [-Qt 31 100.0
3 My |-Ot 31 100.0
4 My |-0tt 31 100.0
4 Nov |-may 31 100.0
5  Apr 1-Nov 30 100.0

b. 10-Day Results

Nunber of gray whale surfacings in oil

Spi Il Spi Il 1- 101- 201-  301- 401-

Site Season 0 ~100 200 300 _400 500_  >500
1 Mir 1-Jun 30 96.5 1.2 1.3 0.6 0.3 0.1 +
1 Aug I-Dee 31 97.1 1.5 1.0 0.3 + +
2 My |I-Ot 31 100.0
3 My |-Ot 31 100.0
4 My |-Ot 31 100.0
4 Nov |-May 31 100.0
5 Apr 1l-Nov 30 100.0

* Results are presented to the nearest 0.1% A "+" designates a val ue
greater than 0.0 but less than 0.1%
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9. Total Probabilities of Interactions: Exanple for the Beaufort
Sea Pl anning Area

An  estimate of t he t ot al whal e- oi | spill interaction
probabilities in the Beaufort Sea is included here to dempnstrate the
net hodol ogy and the nodel capability. The results, however, are

unreliable for the foll ow ng reasons:

1. The array of potential spill sites and seasons nust fully
reflect the ranges actually expected to occur. The sites and
seasons used here were sel ected because interactions with
whal es appeared likely at those tines. Thus the results of
the total probability conputations overestimate actual
probabilities of whale-oil interactions.

2. The oil spill probabilities which have been used here QMS,
1986) are for spills greater than 1000 barrels. The vol unes
of simulated spills should therefore be selected from an
appropriate probability distribution (e.g., Lanfear and
Arstutz, 1983). Due to funding limtations, fewer than 200
spills have been sinulated in each planning area; for
purposes of consistency and ease of interconparison, only
10,000 barrel spills have been sinulated. Al'though this is

near the nmean value for 0CS platform spill sizes (Lanfear and
Anrs tutz , 1983), we have denpbnstrated in Section 6 that the
nunb er of whale-oil interactions is not linear with spill
vol une. To avoid biasing results, a larger nunber of spills

of random size shoul d be sinul at ed.

The total probability results given in this report are therefore only
representative of the type of output available with the nodel system
the actual nmagnitudes of the results reported here are unreliable.

We conpute total probabilities of whale-oil spill interactions as
fol | ows. Let Al represent the event that i oil spills occur, and s;
represent the event tht j whales interact with oil spills. The

definition of conditional probability states that

P(Al n Bj) = P(Bj/A1) - P(A;)
In words, the probability that i oil spills occur and j whales
encounter oil is equal to the probability that | vhales encounter oil
given that i oil spills recur nultiplied by the probability that i oil
spills actually do occur. In the present case, we have P(A;{) given as
a Poisson process with known paraneters (MMS, 1986), as shown in Table
9-1. These probability estimates are based on a conbination of

platform tanker, and pipeline sources, variable by |ease area, and
probabilities of spills associated with each source type (Lanfear and
Anstutz, 1983).
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Table 9-1. Estinmated nunmber of oil spills exceeding 1000 barrels
and the probability of one or nore spills (from MV5, 1986).

Condi ti onal Mean Nunber Probability
Pl anni ng oil resources of spills of 1 or nore
Area (10°bbl) expect ed spills
Navarin 1920 5. 38 0. 99+
Beauf ort 627 1.63 0. 80
Chukchi 1152 2.99 0.95
St. George 135 0.53 0.41
If we assune that all spill scenarios fromall sites are equally

likely, then we can draw at random from the “universe” of oil spill -
whal e interaction scenarios created for the |ease sale or planning
area to create a large nunber of groups of i spills. In other words,
if we want to create groups of 12 spills froma total of 125 different
individual scenarios, there are 1251/(¢12! 1131) = 10'* different
conbi nati ons avail abl e. W then create a large subspace of 20,000 of
these conbinations of i oil spill - whale interaction events. From
this subspace, we can conpute P(B;/A;) for each value of i (i.e.,
successively [larger nunbers of oii spill's occurring). The total
probability that | whales will encounter oil is then

@«

P(By) = % . P(Bj/A1) - P(Ag)
1 =

In practice, we do not need to go to an infinite, nor even a very
large nunber of spills, since the associated probabilities of
occurrence rapidly becone neglible.

This anal ysi s assunes the scenari 0s si mul at ed form a

representative sanmple of the actual range of oil spill events which
may reasonably be expected to occur, and that spills are equally
likely to occur at each of the sites and seasons investigated. Thi s

latter assunption could be amended to account for variations in
probability of occurrence anong sites and seasons by applying
appropriate weighting factors during the random sanpling procedure.

The process described above is applied to the sinulations for each

speci es. Three separate analyses are perforned on the data to
determne the total probability of 1) whales encountering oil, 2) the
nunber of whal e-oil interactions and 3) the percent of total

surfacings occurring in oil.
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To conpute the total probability of whales encountering oil
spilled in the Beaufort Sea planning area, the probabilities of O 1,

2, ... 8 spills occurring were considered. The probability of at |east
1 spill exceedi ng 1000 barrels occurring in the Beaufort Sea planning
area is 0.804 (MMS, 1986). The nmean nunber of spills expected to

occur is 1.63 (Table 9-1). The cunul ative Poisson probability of O8
spills is 0.9999; the probability of nore than 8 spills occurring is
therefore very small and is neglected here. The nunbers of whal es
encountering oil for the 175 spill scenarios (25 spills from5 sites,
2 sites with 2 seasons) were used to generate the nunber of whal es
encountering oil for 2, 3, 4, . . . 8 spills occurring, as described for
the general case above.

For bowhead whales, the total probability of at least 1 whale
encountering oil spilled in the Beaufort Sea planning area is 56.8%

(Figure 9-1). Al though the mean number of expected spills is only
1.63, every site and season for which spill scenarios were sinulated
resulted in whale-oil encounters. This results in a greater than 50%

probability that bowhead whales will encounter oil.

The total probability distribution for the nunber of bowhead whal e
surfacings in oil is given in Figure 9-2. Again there is a 56.8%
probability of at least 1 whale-oil encounter and a 43.2% probability
of no whales surfacing in oil. The nunber of surfacings occurring in
oil as a fraction of the total nunber of surfacings occurring while
oil is present gives a relative sense of the overall inpact of the
spilled oil. as shown in Figure 9-3, there is greater than an 83%
probability that 20 or fewer of every 100,000 surfacings will be in
oil.

Gray whale sinulations resulted in far fewer spill scenarios with
whal e-0i|l encounters than the bowhead whal e sinmulations. Accordingly,
the total probability of gray whal es encountering oil is nuch |ess.
Figure 9-4 shows a probability of 93.7% that no gray whales wll
encounter oil. There is a corresponding probability of 6.3%that at
| east 1 whale-oil encounter till occur (Figure 9-5). When the nunber
of surfacings in oil is expressed as a fraction of the total nunber of
surfacings occurring while oil is present, the total probability that
5 or fewer of every 100,000 surfacings will be in oil is 98.8% (Figure
9-6). This includes a 93.7% probability of no surfacings in oil.
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Nunber of sowhead whales Oiled if ¥ spills occur

Nunber Praob.

of of ¥ 1- 201 401 601 801 1001 1201 1401

Soills Spills 0 200 _-400 -600 -800 -1000 -1200 -1400_ -1600 >1600
0 1959 1959
1 .319.4 1551 .1077 .0310 .0183 .0018 .0055
2 2603 .0609 .1060 .0428 .0301 .0093 .0087 .0017 .0005 .0002 .0001
3 1414 .0160 .0512 .0288 .0224 .0108 .0072 .0028 .0014 .0006 .0003
A .0576 .0031 .0170 .0121 .0106 .0064 .0043 .0021 .0012 .0005 .0004
5 0188 . 0005 , o041 .0038 .0037 .0026 .0018 .0011 .0006 .0003 .0003
6 ,0051 .0001 .0008 .0009 .0010 .0008 .0006 .0004 .0003 .0001 .0002
7 .0012 + .0001 .0002 .0002 .0002 .0002 .0001 .0001 + . 0001
8 . 0002 + + + i + + + + i-

Total .9999 4316 .2869 .1196 .0863 .0319 .0283 .0082 .0041 .0017 .0014
Probability

A '+' designates a value greater than 0.0 but |ess than 0.0001.

60.

50.
3 18%
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o
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o 30 a sex
2
[o]
a
-]
o 20.
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318972 2 a3z
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0 | T i T
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200 400 00 o0 1090 1200 1400 1800

Number of whales encountering ail

Figure 9-1. Total probability distribution of the number of bowhead
whales encountering spilled oil in the Beaufort Sea
planning area. The figure includes the conditional
probability of O 8 spills occurring, as shown in the table.
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Number Prob.

Nunber of bowhead whale - Oil encounters if N spills occur

i ncl udes the conditional
as shown in the table.

- 170-

of of N 1- 25,001- 50,001- 75,001- 100,001- 125,001- 150,001- 175,001-
Spills spirrs -0 25 000 50 000 75.000
0 .1959 . 1959
1 3194 .1ssy 1132 0270 o1ip 0073 0018 0018
2 .2603  .0609 . 142 . 0184 L0122 .0039  .0012 .0003 .0023
3 1414 .0160 .0581 .0305 . 0l47 .0103 0041  .0019 . 0006 . 0015
4 .0576 .0031 .o198 ,0142  .0077 . 0054 0026  .0014 .0005 . 0007
5 .0188 .0005 .0051 . ooss . 0030 .0021 .0012 . 0007 .0003 .0003
6 .0051 . 0001 .0010 .0o1z 0009 .0006 . ooos  .0003  .0001 . 0001
7 0012+ .0002 .0002 .0002  .0002 ~ .0001  .0001 + +
8 .0002 + + + + + + + + B
Tot al .9999 4316 .3116 1213  .0559 . 0381 .0141 . 0056 .0018 . 0067
Probability
A '+" designates a value greater than 0.0 but |ess than 0.0001.
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Figure 9-2. Total probability distribution of the nunber of bowhead whale-
oil interactions in the Beaufort Sea planning area. The figure
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Nunber of gray whales oiled if N spills occur

Nunber  Prob.
of of N 1- 101- 201- 301- 4ol- 501- 601- 701-
Spills Spills o __ 100 200 300 _so0 _ 500 _ 600 700 800 >800
0 1959 1959
1 .3194 3066 .0055  .0055 .0018
2 .2603  .2399 .0085 .0087 .0001 .0001 .0030 .000L
3 1414 1252 . 0067 . 0069 .0002 + . 0023 + +
4 .0576  .0490 .0034 .0037 .0001 -+ . 0012 .oo001 +
5 .0188 . 0153 .0013 .0015 .0001 + . 0005 + +
6 .00s1  .0040 .0004 .0005 + + . 0002 + + +
7 .0012  .0009 .0001 .0001 + + + + + +
8 0002 .0002 + + + + u + + +
Tot al .9999  .9370 .0259 .0269 .0005 .0001 .0090 .0002 + +
Probability
a "i-' designates a value greater than 0.0 but less than 0.0001.
{93 Te%
®
S
7. §9% 2, &37%
10 05%  0.01% 9:90% 4 5% 0 oca% 0.00% 0.00%
[ 1- 101 - 20y - :;01 - 401 - sol - .n: - ‘701 - l> 600
100 200 oo 400 so00 00 100 400
Number of whales encountering oil
Figure 9-4. Total probability distribution of the nunber of gray whales
encountering spilled oil in the Beaufort Sea planning area.
The figure includes the conditional probability of O8 spills

occurring, as shown in the table.
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Nu?ber P;o% Nurmber of gray whale surfacings in oil per 100,000 surfacings
0 0
spills Spills _0 1-5 6- 10 11-15 16-20 21-25_26-30 31-35 36-40 =40
0 . 1959 .1959
1 . 3194 .3066 .0091 .0018 . 0018
2 . 2603 2399 . 0173 + . 0031
3 1414 .1252  .0138 .0024 +
4 .0576 . .0490 .0073 .0013 +
5 . 0188 .0153 . 003 +
6 . 0051 .0040 .0011 +
7 .0012 .0009 . 0003 [
8 .0002 ,0002 .0001 +
To tal . 9999 .9370 .0524 . 0055 . 0031 .0018
Probability

*# A '+ designates a value geer than 0.0 but [ess than 0.0001.

Fi gure 9-6.
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Total probability distribution of the nunber of gray whale
surfacings in oil per 100,000 surfacings while spills are

present in the Beaufort Sea. The figure includes the conditional
probability of O-8 spills occurring, as shown in the table.
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10. sunmmary

The nodel system described in this report was developed to
quantitatively assess the probability that endangered bowhead and gray

whales will encounter spilled oil in Al askan waters. An oil spill
trajectory nodel, bowhead and gray whale nigration nodels and a
di vi ng- surfaci ng nodel conprise the nodel system The nmigration and
di vi ng- surfaci ng nmodel s wer e devel oped from t heoreti cal
consi der ati ons, t hen calibrated wth observations of whal e
distributions. The oil spill nodel, devel oped under a series of other
contracts, accounts for transport and spreadi ng behavior in open water
and in the presence of sea ice. Hi storical wind records and heavy,
normal, or light ice cover data sets are selected at randomto provide
stochastic oil spill scenarios for whale-o0il interaction simulations.

Sensitivity studies have been performed to assess the extent to
whi ch nodel output variability is related to specific nodel system
paraneters or conponents. The results of these studies can be
sumarized as follows:

(1) as the nunber of discrete points used to represent the
popul ation increases, the nean total exposure time (i.e.,
total tinme whale points are wthin the bounds of an oil
slick) stabilizes;

(2) the variability of the exposure tine estimate due to the
stochastic conponents of the mgration nodel exceeds that
due to nunmber of discrete points at about 500 points;

(3) a timestep exceeding the 3 hour timestep used to run the oil
spill model results in erroneous estimates of whale-oil
i nteractions;

(4) the dive tine nodel contributes only a small fraction of the
total variability of the interaction estinates;

(5) 25 randomy selected scenarios are sufficient to avoid bias
in the results due to inter-annual variability;

(6) inter-annual variability in weather scenarios, and therefore

the difference between one oil spill trajectory and another,
represents the major source of wvariability in whale-oil
spill interaction estimtes.

The nodels were applied to 5 launch points within each of 4

Al askan OCS pl anning areas: Navarin Basin, Beaufort Sea, Chukchi Sea
and St. George Basin. In the Navarin Basin planning area, sinulations
showed only bowhead whal es encountered oil. A spill occurring between
the nonths of Novenber and April in the southern portion of the

pl anning area, where approxinately one-third of the bowhead popul ation
was assuned to spend the winter, posed the only potential for
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i mpacting bowhead whal es.

The spill scenarios at all 5 launch points investigated in the
Beaufort Sea resulted in the oiling of an average of 1-5%of the
bowhead popul ati on. Spills at the Beaufort sites |ocated near Pt
Barrow could inpact a small percentage (less than 0.2% of gray whal es
utilizing the Al askan chukchi Sea for feeding in the sumrer. Tot al
probabilities for whale - oil spill encounters were conputed for the
Beaufort Sea planning area; for reasons discussed in detail in Section
9, these results are quantitatively unreliable, but serve to exenplify
t he net hodol ogy. Total probabilities for bowhead and gray whal es
encountering oil spilled in the Beaufort Sea were cal culated to be
approxi mately 57% and 6% respectively, assuming the nmean nunber of

spills occurring is 1.63. The high probability of bowhead whal es
encountering oil, despite a |ow nunber of expected spills, results
fromspills at all sites contacting whal es. The overall inpact of
“spilled oil can be put in perspective by exam ning the relative nunber
of surfacings occurring in oil over the spill duration. For bowhead
whal es there is greater than an 83% probability that 20 or fewer of
every 100, 000 surfacings will be in oil. For gray whales there is
approximately a 99% probability that 5 or fewer of every 100, 000
surfacings will be in oil, while spilled oil is present

Spills in the chukchi Sea have the potential of inpacting both
bowhead and gray whal es. Gl which is released in the spring and
becones trapped by ice nmay inpact both species if it persists in the
area until gray whales arrive. During simulated oil spill scenarios
fromthe 5 Chukchi sites, 0-1.5% of the bowhead whal es and 0-1. 4% of
the gray whal es encountered oil

Spills in the st. George Basin planning area W || probably have no
i npact on bowhead whal es. Only sinulated spills occurring in Uninmak
Pass resulted in gray whales encountering oil, with an average of

about 3% of the population surfacing in oil

The nodel system sinulations perforned for the 4 Al askan OCS
pl anni ng areas di scussed herein indicate that oil spills are unlikely
to affect a significant portion of either endangered whal e popul ation.
In all cases the nunber of whale surfacings in oil is snall relative
to the total nunmber of surfacings occurring over the duration of a
spill. Sinmulations did indicate that oil spilled at certain sites and
seasons had a higher probability of contacting whal es. Restricting
oil related activities near these sites during the season(s) of
greatest danger could significantly reduce the probability of whales
encountering oil. In the Navarin Basin, this would involve activities
at sites near St. Matthew Island in the winter and spring to reduce
the possibility of bowhead whal es contacting spilled oil. In the St
Ceorge Basin, activities at sites in and near Unimak Pass pose a
possibility of gray whales encountering oil should a spill occur
during April-May or Novenber-Decenber.
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Overvi ew of Appendi x

The appendi x contains the raw data used to generate the
probability of encounter histograns for each whale species in each
pl anning area. Each table contains the output of the diving-surfacing
model , which converts time-in-oil to a nunmber of surfacings (hits) in
0il . To reduce the bulk of the appendix, only the values cal cul ated
at 10 days after the last oil release are presented.

The appendix is organized such that the results for each planning

area are presented in a separate section (Sections A-D). Wthin each
section the sinmulation results are grouped by spill site and season
into tables. Each table gives the nunber of whale points encountering
oil and the nunber of surfacings in oil for each spill scenario that
resulted in V\hél es encountering oil. If a scenario did mot result in
any whale-oil encount ers, it was onmitted from the table. If none of

the 25 scenarios for a particular site and season resulted in

whal e-o0il encounters, no table is included for that site and season.

A



Table A. 1 Number of surfacings in 0il and tine in ociled water
for individual whale points for each spill scenario
at Navarin site 1 (10,000 bbl spills) resulting in

whal e-0i | encounters. Val ues are calculated at 10
days after the last oil release. Note that results
are presented for whale points: each whale point

represents 7. & bowhead whal es.

RUN 2: 494 points from a total eof 500 peints did not hit oil.
Whale pt .
ID # # of hits Tinme in oil (hrs)
56 152 2.4
61 72 0.6
79 1 &0 2.2
ag7 124 2.4
390 301 3.1
409 73 2.0
Tot al s: & 882 12.7
RUN 3: 493 paints from a total of 500 points did nut hit oil.
Whale pt _
ID # # of hits Time in oil (hrs
124 400 5. 2
229 417 5.0
269 418 1.3
312 74 1.6
313 353 3. 0
434 150 3. 0
442 245 3. 5
Tot al s: 7 1687 22.6



RUN 4: 486 points froma total of 500 points did not hit oil

Whale pt .
ID # # of hits Tinme in Oil ¢hrs)
5 130 1.2
143 335 5. 9
208 165 3.1
255 657 7.8
241 456 b.
292 457 8.0
307 147 0.9
317 &LAQ ?.3
332 111 1.5
341 1181 12. 9
370 1124 18. 4
4164 775 13.3
458 a2 1.2
480 77 0.9
Total s: 14 6550 ?1.3
RUN 5: 498 points froma total of 500 points did not hit oil.
Whale pt
1D # # of hits Tine in oil ¢hrs)
175 321 4.4
317 29 1 5.0
Tot al s: 2 &612 7.4
RUN 6: 482 points from a total of 500 points did not hit oil.
Whal e pt
ID # # of hits Time in Oil (hrs)
11 178 2.4
29 77 1.0
47 9 0.4
61 19 0. 1
a3 | 0. 0
127 31 0.3
152 37 1.2
175 76 0.7
180 115 1.7
324 P2 1.3
328 59 0. 9
334 8 Q 3
353 7? 1.0
424 g2 1.0
446 144 1.3
468 19 0.6
48'7 20 0. 1
491 91 0.8
Total s: 18 1138 15.3



RUN 7:

Tot al s:

RUN O:

Tot al s:

RUN 10:

Totals:

Whale pt
I D #

Whale pt
D #

490 points from a total of

487 peints from & total of

# aof hits

62
73
572
1654
1 034

493 points from a total of

# af hits

70
243
36
77
128
10
&3
135

500 points did not hit oil.

o

N
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500 points did not hitoil.

500 points did not hit

0il.



RUN 11:

Tot al s:

RUN 12:

Totals:

RUN 13:

Tot al s:

494 pointsfromatotal oOf
Whale pt
ID # # of hits
25 101
129 284
150 337
228 3%
309 256
400 46
6 1062

499 points from a total of

Whale pt .
[1? # # of hits
36 169

1 169

486 points from a total Of

Whale pt
0 # # of hits
29 419
47 50
83 707
118 23
163 37
185 67
188 4246
240 53
29 1 528
333 g2
337 105
3461 34
409 9s
4151 8a

14 2777

A-5

500 points did not hit oil.

Time iNn 0Oil (hrs)

500 points did not hit oil.

{hrs)

Tinme in oil

5(X) points did not hit oil.

(hrs)

Tinme in oil
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RUN 15: 495 points from a total of 9500 points did not hit oil.

Whale pt ) _
1D # # of hits Time 1IN oil (hrs
53 40 1.0
136 335 3.7
239 502 5. Bl
241 7% 2.7
444 51 1.1
Totals: 5 1027 14. 3
RUM 16° 493 points ¢rem a total of 500 points did nat hit oil.
Whale pt
iD # # of hits Time in gil ¢(hrs)
23 318 6. 0
29 77 1.6
177 106 # 7
230 246 4.2
255 512 6. 5
293 32 1. 1
416 112 2. 2
Totals: 7 1403 o2 3
RUN 17: 485 paints from a total of 900 points did net hit oil.
Whal e pt
ID # # of hits Tinme in oil t(hrs?
20 161 1.7
78 59 0.6
es8 38 1.3
151 174 1.9
194 36 0.5
240 128 1.1
241 78 0. 8
257 144 0.9
332 B8é6 2.3
340 &8 1.7
343 174 1.9
39 114 1.1
399 111 1.9
418 26 0.5
443 2 0.4
Totals: 15 1403 18. 6
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RUN 23: 491 points from a total of 500 points did not hit oil.

Whal e pt _
ID # z# of hits Tinme in oil (hrs)
25 3s 1.5
53 136 1.3
158 113 1.3
1 8O 51 0.5
101 111 1.3
15%4 212 3.9
225 29 0. &
246 92 0.8
348 115 1.7
Tatals: 9 874 12. 9
RUN 24: 497 points from =2 total of 900 points did not hit oil.
Whale pt ]
ID # # of hits Time in oil ¢(hrs?
122 334 5.6
1 &2 &70 10. %
313 239 5.5
Tot al s: 3 1242 22. 0
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Table A. 2 Number Of surfacings in oil and tine in oiled water
for individual whale paints for each spill scenario
at Navarin Site 4 resulting in whale-oil encounters.
Val ues are calculated at 10 days after the |ast oi
rel ease. Note that results are presented for whale
poi nt s: each whale point represents 7. & bowhead

whal es.
RUN 18: 495 points from a total of 500 points did not hit oil.
Whale pt
1D # # of hits Time in oil thrs)

98 a9 1.0

117 419 5.3

122 81 1.1

426 352 41

498 a8 0.7

Totals: 5 7P 12.2
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Table B. 1 Number of Surfacings in eil and time in ailed Water
for I ndividual bowhead whale points for each spill
scenari 0 at Beaufort Site 1 resulting in whale-oi
encount er s. Values are calculated at 10 days
after the last oil release. Note that results
are presented for whale paints: each whale point
represents 7. & bowhead whal es.

RUN 2: 498 points from a total Of 500 points did not hit oil.
Whale pt
0 # # of hits Time in ol t(hrs)
11 202 2.7
313 269 3.4
Tot al s: 2 471 6.2
RUN 4. 478 points from a total of SO0 points did not hit oil.
Whale pt
ID % # of hits Time in ail thrsy
70 250 4. o
87 284 4, 1
) 379 5. 8
109 129 2. 2
111 as 0.7
116 157 1.7
184 397 5.9
187 79 1.4
3.90 91 0.9
210 40 1.3
217 133 1. &
241 71 0.6
266 20 1.4
267 139 1.5
328 184 2.7
3&4 355 5. 1
376 2464 2.7
415 7 5.0
450 114 1.9
459 251 3. &
449 382 4.6
474 244 3.8
Tot al s: 22 4132 57.5



RUN S

Totals:

482 points from a total of

Whale pt
ID #

# of hits

B-3

1005
249
353
239

1112

15
296
131
150
118
312
199

2262

314

7
125
142S
157

500 points did not hit

Time in oil ¢(hrs)

13.

|

UWO WAL RONNWOTIWWW
WO PROAWONNNNDNNOO

oil.



RUN 6: 442 points from @ total of 500 points did not hit oil.

Whale pt
ID # # of hits Time in oil ¢hrs)
9 &43 %9
28 1104 17.2
44 338 5.3
a4 235 3.3
73 218 4.3
77 3115 40. 6
85 323 4.8
88 648 9.5
23 204 3.2
110 191 2. @
114 34 0.4
130 303 5.0
152 1535 2z 1
188 21 0.5
191 665 10. 3
203 188 2.3
204 1?7 2. 6
211 449 5.9
225 261 2.2
226 2722 39. 1
232 13364 19. 2
235 750 10.2
257 246 3.1
265 1410 24.9
267 =813 40. 6
270 472 5 1
273 772 8.8
276 1700 24, 1
278 1030 16. 3
2B4 2558 37.0
292 692 7.4
279 750 10. 3
309 312 5.3
320 850 12.3
321 2959 41, 1
347 3651 57.0
350 96 1.6
351 5 1.1
356 2890 33.7
357 1155 18. 1
359 768 11. 6
372 1054 15. 4
377 1157 15.7
3s7 425 5.8
3?0 247 2.3
393 715 9. 1
402 1515 22.9
410 8OO 11.8
416 586 6. B
421 920 13. 1
434 17 0.2
464 1577 26. 1
468 1172 18. 5
469 636 9.2
471 29 0.4
472 237 4.0
492 201 2.9
475 2043 24.9
Totals: 58 54052 770.7



RUN 7: 482 points from a total of 500points did not hit oil.

Whale pt
| D # # of hits Time in oil (hrs)
i 88 0.4
1? 133 1.5
65 100 1.0
82 147 1.9
83 97 2.1
147 175 2.6
198 5 0. H
220 141 0.9
304 67 0.8
306 136 1.1
337 144 2.2
342 113 1.6
349 305 3.4
362 18 1.9
301 107 1.0
409 37 0.8
421 136 1.9
432 80 1.0
Tot al s: | a 2021 26.7
RUN 11: 469 points {.om a total of ’'500 points did not hit oil.
VWhal e pt
ID # # of hits Tinme in oil (hrs)
27 a1 1.1
32 148 2.4
b 73 0. 9
70 67? 1.4
75 121 1.8
95 62 0.6
107 103 1.4
116 60 1.1
118 103 1,3
123 161 2.8
151 142 1..6
170 71 1.3
182 120 1. B
187 14 0.4
215 20 0.1
241 121 1.6
252 297 2.7
269 10 0.1
2a2 180 2.1
297 224 2.9
299 202 2.7
308 211 1.7
319 147 2.6
330 122 1.6
359 48 0.9
379 286 4.2
392 94 0.8
412 as 1.1
461 35 0.4
4466 29 1.0
473 105 0.9
Tot al s: 31 3494 47.0



RUN 13: 391 pointsfrom O total of 500 points did not hit oil.

Whale ot
iD» # of hits Time {p oil (hra )
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RUN 15s: 421 points from a total Of 500 points did not hit oil

Whale pt

ID # # of hits TiMe in oil thvs)
2 92 1.7
3 g 0.4
9 102 0. 9
18 4 0.2
34 ag .9
37 106 i
a0 201 2.7
48 61 0.6
49 86 0.6
51 26 0.2
53 78 0 8
57 108 1.3
58 129 1.3
93 147 2.8
101 20 0.7
102 43 0.5
106 43 0.4
108 103 0.7
119 144 1.4
117 63 0.9
122 102 1.1
135 62 2.3
148 91 1.3
153 133 0.7
168 19 0.3
170 73 0. s
171 312 3.9
173 59 2.0
177 57 0.9
180 &8 0.9
185 46 2.3
170 165 1.1
194 26 0.2
1?7 25 0.5
198 92 0.7
09 33 0. 5
208 63 1.1
211 106 1.5
217 126 1.8
236 114 1.2
240 80 0. a
241 233 3.9
244 94 0. 8
246 El 1.5
254 130 1.3
296 146 2.3
285 332 6.4
289 61 1.1
291 78 2.5
313 ag 0.3
317 151 2.2
321 %02 2.5
323 78 1.5
332 27 0.4
333 34 0.2
336 42 0.7
342 49 0.7
392 67 1.2
360 129 1.9
364 26 1.0
36 5 192 2.4
366 26 0.4
367 125 2.0
371 &8 1.3
373 93 0.7
37s 22 0.6
391 1420 1.3
399 78 1.2
400 99 1.8
410 54 Q9
g 37 0.7
437 11 0.3
430 164 2.5
453 128 0 1
i ;i :
472 40 6.@
4B4 B9 11
494 76 1.3
Total s: 79 6927 99. 3



RUN 17: 483 points from a total Oof 500 points did not hit oil.

Whale pt
ID # # of hits Tinme in @il (hrs)
10 75 c. 8
24 10s 1.2
61 152 2.9
116 119 1.9
132 228 1.9
191 154 1.6
233 67 1.8
246 251 3.6
282 41 0.4
324 134 1.5
335 11 0.2
355 199 2.0
392 112 2.3
3%6 107 2.1
430 4 0.7
483 107 0.8
498 191 1.7
Totals: 17 2062 28. 3
RUN 18: 492 points froma total of 500 points did not hit oil.
Whale pt
ID # # of hits Time in oil ¢hrs)
53 50 1.0
234 101 1.1
262 1 06 1.8
332 31 1.1
392 1 0.0
413 44 0.7
435 137 2.9
449 41 0.8
Totals: 8 511 . 3
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RUN 19: 446 points from a total of 500 points did not hit oil.

Whale pt
iIp # # of hits Tinme in ail (hrs)
6 1 1.0
19 152 0.9
22 57 0. 8
23 19 0.9
28 20 0.4
35 68 0.5
38 3 0.2
42 85 0.9
48 115 0.9
53 56 0.7
55 142 1.6
61 44 1.1
98 49 0.5
102 50 0.8
104 32 0.9
113 153 1.0
119 al 0.8
134 67 0. 4
137 140 1.0
164 53 0.8
191 238 2.4
198 12 0.1
209 99 1.4
212 46 0.7
220 54 0.5
229 70 1.0
234 72 0. 8
239 8 1.3
250 61 1.1
253 a8 0.8
271 9 0.1
276 49 0. &
280 12 0.4
286 88 1.1
28? 30 0. B
298 61 0.9
357 200 2.8
358 415 1.0
363 73 1.2
372 64 0. ?
375 130 2.1
3a3 51 0.8
405 B2 0.7
406 107 1.0
408 83 0.9
433 61 0.9
442 72 0.4
447 91 1.2
449 37 0. 4
459 63 0.8
469 3s (2. &
487 24 0.2
497 58 1.1
498 109 1.3
Tot al s: 54 2897 4a. 8



RUN 20: 477 points from a total of 500 points did nthit oil.

Whale pt
D # # of hits Tinme in oIl (hrs)
4 192 2.3
10 39 0. &4
74 109 1.3
126 109 1.8
129 44 0. 6
135 P& 1.3
145 99 1.5
164 99 1.8
222 101 1.9
232 63 1.1
255 24 0.1
294 144 2.1
307 99 1.9
312 74 1.4
317 282 4.3
351 7 0 2
3463 149 1.3
370 8% 1.3
398 44 0.3
399 212 2. 1
457 20 0.5
469 235 3.2
496 260 3. 8
Tatals: 23 2592 36. 6
RUN 21: 492 points from a total of 500 points did not hit oii.
Whale pt
ID # # of hits Time in oil t(hrs)
17 110 2.2
52 30 0.5
75 98 1.4
94 a7 0.4
127 15 0.3
202 P4 1.2
28'5 55 0.6
369 48 0.6
Total s: % 499 7.2
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RUN 22: 428 points froma total of 500 points did not hit oil

Whale pt
ID # #of hits Time in oil ¢hrs)
5 306 4, 5
8 && 0.7
1 110 1.4
21 490 6.6
44 42 1.1
61 258 3.4
62 55 1.1
67 17 0.4
&8 12 0.2
82 a7 1.2
99 100 1.6
119 &8 1.9
121 401 7.3
122 177 2.8
123 191 2.2
133 109 1.6
147 84 1.9
137 240 3.4
164 143 2.3
166 28 0.4
181 100 1.0
184 304 3.7
188 92 1.7
122 139 1.7
210 62 1.5
213 144 2.0
214 1086 1.8
217 127 1.5
226 176 2.7
238 39 0.4
243 41 1.2
243 51 0. s
249 163 2.7
263 13s 1.5
264 94 1.3
266 308 2.7
291 6 0.0
299 99 1.7
301 316 4,1
315 395 s. 2
317 12 0.1
318 63 1.1
324 96 1. 4
326 28 0. o
330 94 2.2
333 139 1.7
336 143 1.6
338 84 1.0
340 136 2, 1
342 337 5.2
372 164 1.6
384 159 18
395 230 2.5
396 211 3.6
402 138 3. 6
406 17 0.4
408 140 1.0
413 163 2.7
419 56 0.6
22 394 4.3
423 71 1, 6
433 14 0.2
434 120 2.0
43 5 112 2.0
436 33 0. 8
440 276 3.3
4560 95 1.2
463 94 l. 4
166 200 2. a
467 56 0.5
491 152 2.4
4a4 265 3.0
Totals: 72 10161 143, 1



Table B. 2 Nunber of surfacings in eil and tine in ociled water
for individual bewhead Whal e points for each spill
scenari 0 at Beaufort site 2 (spring Spills)
resulting in whal e-o0il encounters. Values are
calculated at 10 days after the last oil release.
Note that results are presented for wWhal e points:
each whal e point represents 7.& bowhead whal es.

RUN 3: 499 points Froma total of 9500 points did neot hit oil.
Whal e pt _ _ _
1D # # of hits Time in oil thrs)
300 57 Q 6
Tot al s: 1 57 0.5
RUN &: 487 points from a total of 3500 points did not hit oil.
Whale pt _ )
iD # # of hits Time in oil ¢hrs)
205 48 0.8
204 1467 2.8
213 111 2. 9
220 4a u. 7
245 101 1.1
268 79 0.5
277 238 2.3
283 239 3.3
268 303 5.2
302 21 0.1
364 3%6 5.0
444 ?2 2.3
465 439 6.8
Tot al s: 13 2282 33.8
RUN 11: 495 points froma total of S00 points did not hit oil.
Whal e pt
ID # # of hits Time in oil (hrs?
176 44 0.7
244 62 1.2
201 157 2.0
273 47 0.7
448 - 4:4 o
Tot al s: 5 603 9. 0



RUN 1i5: 438 points frem a total of 500 points did not hit oil.

\Whal e pt
ID # # af hits Time in oil ¢hrs?

82 324 4.3
117 14%5 2. 4
118 150 2.3
141 46 0.5
143 54 0.4
159 77 1.7
183 15 0.1
214 74 1.0
217 206 3.3
22 1 8 ¢? 1
223 91 0. ?
226 75 1.2
242 175 2.7
250 24 0.2
251 151 1.9
294 108 1.4
257 44 0.5
244 248 2.3
2?7 1 38 0. 6
313 140 1.9
339 16 0. &
343 62 0.5
344 39 0.7
357 33 0.3
397 103 1.4
404 102 1.0
407 45 0. 6
41s 105 1.1
441 218 3.5
443 14 0. 1
445 57 0.9
451 32 0.9
452 42 1.2
453 14 0.7
457 75 0. &
458 146 1.3
444 31 0.5
468 39 0.3
475 121 1.7
483 F0 0. 9
494 1764 2.9
497 23 0.3
Totals: 42 3783 51.7
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RUN 16: 484 points from a total of 500 points did not hitoil.

Whale pt .
1D # # of hits Time in Ol <t(hrs)

148 424 5.5
175 183 2.9
178 3s Q 8
179 326 5.8
180 332 5.7
185 211 1.5
197 130 2.5
258 255 2. 1
280 123 1.8
281 11 0.4
283 3s 0.3
295 317 4.8
306 512 4.8
317 234 3.0
325 101 1.2
332 272 3.8

Total s: 16 3464 46. 8

RUN 17: 4’ ?0 points from a total of 500 peints did not hit oil.

Whale pt
1D # # of hits Time in oil thrs)

173 121 1.4
178 114 1.0
179 36 0.6
204 45 0.2
242 70 0.8
265 363 3.5
267 125 1.4
277 252 3.6
285 17 0.3
307 121 1.6
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RUN 18: 491 peints froma total of 500 points did not hit oil.

Whale pt _
1D # # of hits Tinme in ail (hrs?
173 24 0. &
180 150 2.4
221 108 0.8
235 93 1.8
273 229 3.0
290 200 2.1
302 225 2.7
326 275 3.0
327 143 4.0
Totals: 9 1452 20.6
RUN 10: 485 points froma total of 900 points did not hit oil.
wWhale pt
iD # # of hits Tinme in ail (hrs)
147 96 1.0
184 463 9.0
173 62 0.9
204 141 3.2
205 375 6.2
241 82 1.4
243 276 4, 9
258 119 2.3
284 4461 5. &
297 285 3.8
301 1 84 3.0
306 569 7. 8
311 144 2. 1
320 340 5 9
327 501 5.6
Tot al s: 15 4120 62, &
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RUN 20: 476 points from a total of 500 points did not hit oil.

Whale pt
ID # # of hits Tinme in oil (hrs?
187 158 2.9
188 25 0.9
215 &4 0.6
216 63 0.5
219 6 0.6
220 133 1. 5
221 74 1.0
225 20 0.1
240 29 1.5
270 32 0.8
273 64 0.7
283 29 0.8
287 37 1.2
288 238 3.3
29 1 &7 0.9
294 22 0.4
323 39 1.1
330 50 0.7
331 11 0.4
364 387 3.5
367 119 i.5
371 322 5. 0
396 42 1.3
424 34 0.2
Tot al s: 24 2065 31.7
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Table 13.3 Nunber of surfacings in oil and tine in oiled water
for individual gray whale points for each spil
scenario at Beaufort Site 2 (spring Spills)
resulting in whale-oil encounters. Values are
calculated at 10 days after the last oil release.
Note that results are presented for whale points:
each whale point represents 34 gray whal es.

RUN =20: 499 points froma tetal of 500 points did not hit oil.
Whale pt
ID # # of hits Time in oil ¢hrs)
122 84 1.8
Totals: 1 84 1.8
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Table ?3.4 Nunber of surfacings in gil and tinme in oiled water
for individual bowhead whale points for each spill
scenari o at Beaufort site 2 (sumer spills)
resulting in whale-ail encounters. Val ues are
calculated at 10 days after the last oil release.
Mote that results are presented for whal e points:
each whale paint represents 7.6 bowhead whal es.

Run 1: 496 points frema total of 500 points did not hit oil.
Whal e pt
ID # # of hits Time IN oil C(hrs)
298 23 0.1
340 9 0.2
342 70 0. 8
422 52 0.5
Totals: 4 154 1f? _____
RUN 2: 494 points frzm a total of 500 peints did not hit oil.
Whale pt
ID # # af hits Time in oil (hrs)
19 60 0.7
b6 5 0.1
237 35 0. 4
337 90 0.8
339 54 0.8
475 22 0. &
Total s: & 26b 3.4
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RUN 3: 441 points from @ total of 500 points did not hit oil.

Whale pt _
o # # of hits Time in o0il (nrsH
8 SO 0.9
14 132 1.1
25 41 0. &
26 74 0. B
28 109 1.4
34 47 0.4
38 79 1.3
39 50 0.9
42 38 0.4
48 84 0.6
5a 8 0.3
65 35 0..5
&9 60 ). 7
79 59 0.7
86 a7 0.3
92 12 0.4
96 32 0.3
104 32 1.2
112 14 0.1
12(J 52 1.2
138 40 0.6
161 53 10
177 23] 1.1
181 &0 0. 6
194 39 0.5
17?9 85 1.2
208 6b 0. 5
209 138 0.7
225 38 0. &
238 29 0.6
240 39 t.). 2
243 28 0.2
253 19 0. 5
2395 84 0. 8
298 100 0.9
347 1= 0.6
352 5 0.1
3s7 14 0.3
362 141 1.6
364 25 0. &
372 107 1.3
375 81 1.4
379 1 647 1.1
386 131 1. 2
387 102 1.0
390 Tb 0. ¢
404 133 1.0
406 40 0.2
419 2 0.4
428 45 0. &
432 17 0.2
443 44 0.5
449 45 0.6
455 45 0. 5
457 71 1.0
470 91 1.0
474 108 1.2
480 43 Q.7
492 26 0.4
Tot al s: 59 3561 42.6




RUN 4- 497 points from a total of SO0 points did not hit oil.

Whale pt
ID * % of hits Time tn oil (hrs)
g1 111 0.9
159 101 09
493 10 0.6
Tatals: 3 2.1
RUN 7- A1 points from a total of 500 points did not hit Oil,
Whalept
ID 4 ® gf hits Time in oil thrs)
2 41 07
3 too 17
14 2t 02
13 37 0.4
17 &1 0.6
21 29 03
29 33 0.4
32 ) 83 2.0
38 184 2.9
43 60 02
50 17 0. 1
93 44 0.9
L1 42 06
&7 250 4.9
73 &3 0.8
v 33 0.4
83 43 1.1
117 71 29
118 27 09
119 o186 20
123 9s 1.9
130 %6 1.8
131 a8 04
149 1 0.3
132 64 0. 8
197 164 21
163 10 03
170 50 1.2
171 56 06
172 22 0.6
183 51 1.2
183 132 22
190 89 1.0
193 14 0 4
19 118 1.7
200 56 ['b
204 44 0.9
213 54 %0
219 129 1.3
222 54 04
227 108 09
248 91 1.0
249 16 03
2S4 10 03
237 230 32
284 71 13
268 27 o8
270 &8 o8
271 212 20
274 161 26
281 107 1.3
282 31 0.7
206 143 16
270 197 21
291 21 0.2
274 57 1.3
237 ar 0. %
328 3 0.6
327 92 1.4
332 51 03
333 13 0.1
376 59 0.7
339 17 0.3
339 100 1.6
368 77 06
371 39 0.6
370 9 07
381 193 22
399 79 08
379 a7 03
400 136 1.6
402 168 1.6
414 53 04
424 110 14
423 73 03
431 57 06
444 53 07
457 BS 1.0
440 90 1.0
463 6 02
4468 97 17
471 Y 0.3
asy 123 1.7
493 40 0. 4
Tatals: 84 64648 0.7
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RUN B: 480 points from a total of SO0 points did not hit oil.

Whale pt . .
ID # # of hits Time in oIl <(hrs)
2 24 0.3
58 30 0.5
63 21 0.6
66 20 0.5
133 22 0.6
177 43 0.5
216 22 0. 6
237 39 1.0
238 33 0. 4
278 82 1. 0
3469 72 0.8
380 74 0.6
Totals: 12 482 7.7
RUN 31: 493 points from a total of 3500 points did not hit oil.
Whale pt _
ID#H # of hits Time I N o0il (hvrs)
74 1 0.2
85 65 0.8
290 80 1.0
306 20 0.2
324 80 u 8
374 39 0.8
401 107 1.2
Tot al s: 7 392 S. 0
RUN 12: 495 points from a total of S00 points did not hit oil.
Whale pt
ID # # of hits Time in oil thrs)
55 45 0.5
66 44 0.9
97 21 0.7
177 48 0. 4
255 27 0.5
Tot al s: 5 185 3.0
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RUN 13: 454 points fromatotal of 500 points did not hit oil.

Whal e pt
ID # # of hits Time in oil ¢hrs)
7 19
16 39 0.6
19 39 0. 5
51 1 0.4
54 51 0.6
513 9 0.1
bb 43 0.4
91 27 0.9
97 55 0. 5
100 68 0. a
103 62 1.2
108 43 0. 3
126 53 0.4
127 74 0.3
153 71 1.3
154 29 0.7
155 12 0. B
163 15 0.3
189 166 1.4
192 79 1.3
194 &3 0.7
202 94 0.9
239 24 0. 5
255 28 0.4
277 73 0. 5
278 37 0.9
304 a1 0.9
316 98 0.6
319 55 0.7
325 83 0. 5
337 100 0.8
354 45 0.6
379 40 0.7
418 51 0. 4
419 146 0.8
432 32 0. 5
445 a8 0. 6
454 118 1.8
458 71 1.0
467 81 0.7
475 34 0.6
479 96 1.3
485 57 0. B
491 51 0 8
492 60 0. 8
497 46 0.8
Total s: 46 2722 33.0
RUN 14: 499 points from a total of 500 points did not hit oil.
Whale pt
ID # # of hits Time in oil thrs)
198 58 0.7
Total s: 1 58 0.7



RUN 15 782 po ints from a total of SO0 pofnts did Aok hit odl.

Whale ot
1D * # of hits Time in oil (hre)
1 22 0. 6
3 17 0.6
] 114 1.9
& 70 06
7 348 0.7
9 13 0.2
12 57 0. a
14 b1 1.3
14 22 0.9
19 30 0.7
24 &0 0.3
31 BB 0.8
34 BO 0.7
39 59 0.3
40 96 a.5
44 74 0. a
46 2% 0.4
48 77 0.9
49 32 0.4
EL] 33 0.4
g 140 7. 4
&1 48 0.4
63 23 0.6
70 21 11
74 163 1.2
798 t o9 1.3
7? L] 1.0
a2 a2 0.6
93 60 0.7
96 72 0.5
97 &2 1.6
78 128 1.7
100 5a 0. 9
102 17 0. %
113 38 0.4
123 201 3.0
12s 217 2.9
130 a7 0.4
143 11t 1.3
149 71 a4
152 183 a5
160 211 20
162 2 0.1
164 71 0. &
163 32 0.5
171 167 13
172 40 o8
173 97 0a
174 33 03
17& 32 LA ]
180 &9 D&
183 a4 0.9
13- ] 83 0.9
192 74 07
204 19 03
209 as 0.4
213 97 1.4
217 186 2.2
219 T1 1.2
221 93 0.3
223 132 1. a
231 &2 1.0
233 73 o8
228 93 0. a
239 a4 0a
242 136 20
243 & 0.1
253 1 0.3
261 41 0.3
2?)7 1 0.7
269 563 o8
275 139 1.3
262 16 03
289 76 o8B
290 112 2.2
a2v2 Os 10
294 29 03
303 110 1.3
307 76 0.7
311 39 0.0
320 9d 11
323 39 07
327 21 03
332 23 03
309 73 1.1
337 9 0.4
349 24 1.0
3448 37 10
348 120 a8
asz 57 0.9
35a 28 0.9
ase 1356 1.6
3s2 27 05
369 31 0.3
37e ag 5.2
377 6a 0.9
393 &3 0. a
386 & 1 &
287 91 0.3
401 as 1.2
414 127 1.0
418 a3 0. &
420 1 0.4
421 40 a3
423 (A8 07
42a o4 0.4
429 37 0.7
431 40 09
437 3 o 4
349 15 0. a
433 72 0.0
4389 04 0.
460 11 0.3
o2 a1 1.2
473 193 2.7
54 71 1.4
407 43 1.0
ave 21 o1
Totals: 118 g241 106. t



Rural 18: 468 points from a total of S00 points did not hit oil

Whale pt
ID # # of hits Time IiN o©il (hrs)
2 51 ¢). 5
8 311 3.2
22 71 0.6
74 44 0. &
77 27 0.2
84 12 0.3
117 67 0. 5
119 182 3.0
121 37 0.3
133 30 0.4
140 33 0.4
142 54 0.4
171 170 1.8
179 114 1.8
182 30 0.6
15'7 31 0.3
235 87 0.5
244 25’ 0.5
255 37 0.5
305 a3 0.7
330 15 0.4
333 6% Q 8
334 243 3.8
390 68 0.9
397 53 0.5
412 5% 0.6
418 62 0.9
4347 51 0.6
456 18 0.2
471 11 0.5
478 10 0.5
489 59 0.5
Totals: 32 2198 27.3
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RUN 22: 495 points from a total of 500 points did not hit oil.

khale pt
1D # # of hits Time in oil thrs)
55 42 0. 6
s8 &0 0.7
105 51 u. 7
313 112 1.3
467 127 1.2
Tot al s: 5 392 4.6
RUN 2s: 445 points from a total of 500 points did neot hit oil.
Whale pt
ID # # of hits Tinme in il (hrs)
2 3 0. O
15 135 1.6
16 12 0.2
30 140 1.0
54 43 0.5
55 8 0. 3
47 81 1.4
78 25 0.7
101 12 0.3
107 80 1.2
123 14 0. 3
129 57 0.5
131 37 0.3
134 o1 0. &
135 56 0.7
144 10 0. 2
177 94 0.7
184 4& 0.7
285 11 u. 3
296 55 0.5
333 89 1.1
34a 29 0.5
352 48 0.7
365 145 1.8
37& 104 1.5
379 95 0.9
382 91 0.7
407 52 1.6
411 71 1.1
419 6 0.4
425 &0 0.8
434 17 0.3
494 35 1. 0
495 40 0.7
499 30 0.8
Total s: 35 1922 24.9



Table B. 5 Number of surfacings in oil and time in eciled water

RUN 1:

Totals:

RUN 3:

Tot al s:

RUN 4:

Totals:

for i ndi vidual bowhead Whal e points far each spill
scenari 0 at BeauFort site 3 resulting in whale-oi
encount ers. Val ues are calculated at 10 days
after the last oil rel ease. Note that results

are presented for whale points: each whale point
represents 7. & bowhead whal es.

499 points froma total of 560 points did net hit
Whal e pt
1D # # af hits Time in oil thrs?
476 19 ¢ 5
1 19 0.5
498 points froma total of 500 points did not hit
Whale pt . )
ID # # of hits Time in il (hrs}
5 155 2. 1
190 &3 0.5
2 200 T 2.6
485 points from a total of SO0 paints did not hit
Whale pt
ID # # of hits Time iNn 0il (hrs)
21 27 0.5
40 5 01
47 & 0.4
102 14 0.6
132 15 0. 1
147 34 Q7
188 94 0.8
203 29 0.7
215 29 0. 6
21(3 73 0.9
355 46 0.7
35s wW 0.9
385 53 0.7
396 14 0.2
_ﬂﬁq 116 1.2
15 8 56 9, 1

oil.

oil.

oil.



RUN e: 429 POi Nt'S #rom a total of SO0 peints did not hit oil.

Whale pt
ID # # of hits Tinme in oil Chrs)
4 36 0.6
10 20 0.6
20 18 0.3
27 22 0.1
as 7 8.1
44 17 1
43 23 0.2
54 10 0.1
58 80 0.9
60 66 0.7
72 81 0.4
74 19 0.2
=1 71 0.4
o8 19 0.3
97 84 0.6
109 30 0.4
117 120 1.4
126 42 0.3
139 7 1.0
143 g6 0.7
132 28 0.2
162 84 0.7
174 19 0.6
173 24 0.4
177 48 0.6
180 35 0.9
183 31 0.4
206 39 0.3
211 8 0.3
220 31 0.7
222 49 0.7
223 41 0.7
227 51 0. 3
248 54 0.3
273 15 0.2
278 36 0.9
28 1 40 0.3
283 40 0.4
296 79 1.3
271 83 0.6
301 6 0.0
306 122 0.9
307 30 0.5
309 23 0.3
3ie 74 1.0
319 31 0.7
323 61 0.3
340 102 0.7
330 8 0.4
354 62 0.9
367 147 1.3
371 17 0.9
379 22 0.3
380 89 0.8
384 11 0.2
397 31 0.5
400 61 0.9
408 103 0.6
413 23 0.3
414 7 0.1
423 102 1.0
433 10 0.0
454 &% 0.3
498 63 0.7
464 19 0.1
4565 26 0.3
482 30 0.2
487 61 0.7
491 40 0.2
494 a 0. 1
900 &4 0.6
Total s: 71 3199 36. 9

B-32



RUN 13: 446 points from a total of 500 points did not hit oil.

VWhal e pt
ID# # of hits Time in oil (hrs)
6 20 0.7
13 74 0.9
39 99 1.6
59 99 1.0
&5 18 0. 1
70 26 0.2
76 70 0.8
7? 84 0.4
80 88 1.2
?20 11 0.6
?9 21 0.4
103 43 0.3
108 63 0.7
117 149 1.7
119 100 1.8
124 41 0.2
129 59 0.7
130 154 2.9
147 35 0.9
151 95 1.3
162 4s 0.5
165 38 0.4
173 52 0.9
17?2 60 1.0
196 12 0. 9
215 44 0.8
223 22 0.7
229 124 0.7
245 29 0.7
2s0 40 0.6
260 44 0. 5
261 32 0.9
271 48 0. 5
281 50 0.3
321 54 0. 8
327 13 0.2
339 80 0.8
338 61 0.8
339 46 0.6
352 42 0.4
3s7 61 0.6
360 17 0.5
362 & 0.3
379 70 0. ¢
381 4 0.3
386 39 0.7
399 17 0.1
404 84 0.7
420 47 0.5
441 42 1.0
445 6 0.2
453 23 0.3
485 73 0.7
49a 33 0. a
Tot al s: 54 2808 38.4
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RUN 14:

Tot al s:

RUN 15:

Totals:

RUN 17:

Tot al s:

494 points fromatotal of

Wial e pt
ID #

# of hits

47
42
88

491 peints froma total

Whale pt
ID #

# of hits
83
14
37
17
34
i6
96
33
&6

326

494 points froma total

Whal e p%
ID #

# of hits
78
49
73
19
37
20

B- 34
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RUN 1S: 496 points from a total of 500 points did not hit oil.

Whale pt
1) # # of hits Time in oil (hrs)
256 103 0.9
266 255 2.6
299 24 0.7
477 5% i.2
Totals: 4 441 s. 4
RUN 1'7: 468 points froma total of 500 points did net hit oil.
Whale pt
iD # # OF hits Time in oil ¢(hrs)
1 13 0.2
32 48 0. 3
89 92 0.7
119 38 0.4
148 18 0.5
153 34 0.7
154 50 0.4
1=3 45 0.7
186 21 0.1
194 65 0. &
157 38 0.7
2156 39 0. &
242 13 0.2
250 94 1.t
2e4 194 1.7
295 83 1.6
306 15 0.2
314 75 1.4
323 52 0.8
334 62 0. &
367 24 0.5
390 38 0.8
394 45 1.3
419 7 0.5
426 83 0.0
437 21 1.0
448 52 0.3
4S2 32 0.6
454 39 0.3
472 &3 0.8
481 30 0.3
494 27 0.9
Total s: 32 1621 21.6
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RUN 20: 449 points frem a total of 500 points did not hit o

Whale pt

1D #* # of hits Time in Oi |l (hrs?
5 61. 0.6
12 20 0.5
18 106 1. 2
40 26 0.3
47 34 0.8
56 a3 1.6
69 119 1. 2
84 58 0.7
87 2 0.7
P6 %9a 1.0
115 90 1.3
114 92 1.2
123 72 1.3
142 52 0.6
150 60 1.0
1 &3 50 1.0
175 24 0.6
182 47 0'7
191 50 0.5
198 57 0.9
212 103 0.8
230 24 0.3
233 4a 0.-7
241 a2 1.1
242 50 0. &
247 a 0. 5
249 79 1.4
252 79 1.0
264 70 0.6
268 17 0.7
276 79 0'?
284 54 0. &
297 132 1. 2
293 117 1.9
319 64 0. 5
324 47 0. 5
358 75 1.0
362 13 0.2
376 66 1.0
392 34 0. 4
409 16 0.4
431 20 0.4
434 45 0. a
446 95 1.5
450 4 0.2
459 € 0.6
4462 17 1.2
464 57 0.4
481 23 0.1
495 103 1.8
49a 44 0.5
Total s: 51 3079 41.5



RUN 22: 439 points froma total of 500 points did not hit oil

Whal e pt
ID # # of hits Time in oil C(hrs)
1 60 0.5
12 37 0.5
24 90 0.6
33 56 0.4
42 88 1.0
&0 a6 1. 1
77 146 1.2
82 24 0.2
83 32 0.8
102 30 0.4
113 45 0. &
119 90 0.9
134 118 1.5
135 10.2 0.9
143 31 1.3
14-4 29 0.4
158 56 1.0
167 4é 0. 8
173 23 0.3
17?2 36 0. 7
199 93 1.5
197 2a 0. 3
203 34 0.2
220 100 1.1
223 g2 1.3
238 38 0.4
249 34 0.6
257 33 0.7
263 18 0. 1
274 126 1.4
289 111 2.1
284 102 0.9
295 121 1.2
297 49 0.6
303 24 0.6
309 87 0.6
319 55 0. &
31s 63 0.8
322 99 1.4
329 59 0. 8
326 55 0.9
330 22 0.2
350 85 0.7
352 68 0.8
357 32 0.7
35? 77 0. a
3464 53 0.7
384 76 1.7
416 &4 1.0
421 162 1.5
436 22 0.9
438 63 0.4
460 56 0.6
47a 118 1.0
481 103 0.7
405 30 0.7
487 47 0.6
4899 33 0.5
49 1 119 1.0
494 50 1.9
496 100 0.9
Tot al s: 61 4064 50.7



RUN 23: 463 points from a total of 500 peints did not hit oil.

Wale pt
ID # # of hits Tine in 0il ¢hrs)
25 18 0. 4
26 26 0.7
28 62 0. 4
42 55 0.7
45 54 1.0
51 12 0.3
78 14kl 0.9
82 9s 1.3
96 41 0. 6
102 23 0. &
151 22 0). &
1'57 87 i 2
175 91 1.0
197 83 0.7
201 22 0.5
205 12 Q 2
212 36 04
230 20 0.5
236 52 1. o
238 59 0.7
25S 27 0. 5
285 38 0. 6
302 33 0.5
30 5 28 0.6
345 28 0.5
340 105 1.5
373 4g 0.5
379 70 1. o
383 a8 0.7
392 44 # 9
802 145’ 1.9
433 49 0. 8
449 51 0. 8
452 82 1.3
470 68 0. 5
488 15 Q 5
492 93 # 7
Tot al s: 37 205" 4 27.5
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RUN 24: 450 points from a total of S00 points did not hit oil

Whale pt

ID # # aof hits Time in oil ¢hrs?
9 40 0.6
17 03 1.2
36 21 0.2
45 124 2. 0
50 49 O 6
54 45 0.9
62 34 0.7
65 &3 1.0
71 56 0.4
73 45 0.4
83 g2 0. 9
04 47 O 6
89 112 1. 0
94 73 0.5
113 57 0.7
118 76 1.0
124 43 0.5
138 25 0. 5
154 16 0.5
156 95 1.1
168 70 1.1
170 9 0.2
174 196 2.7
186 51 0. 9
188 34 1.t
196 &2 1.2
206 33 1.0
220 47 0.8
239 70 0. B
248 10 0.4
260 65 0. &
262 88 O 8
264 32 1.2
272 85 0. &
294 103 0.5
303 3& 0.6
345 18 G 7
346 100 1.2
372 76 0. 8
381 124 0.9
391 40 0.4
398 22 0. 5
468 &b 0.7
337 88 0.9
439 25 0.7
442 19 0.2
468 87 0.8
487 32 0.7
490 181 1.3
491 42 0.8
Totals: 50 3699 40. 8



RUN 25: 498 points from a total of 3500 peints did not hit oil.
Whale pt . .
ID # # of hits Tinme in 0Oil (hrs»
365 119 1.0
500 51 0.9
Tot al s: 2 170 1.9
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Table B. & Number of surfacings in oil and tine in ciled water
for individual bowhead whale points for esach spill
scenari 0 at Beaufort Site 4 resulting in whale-oil
encounters. Values are calculated at 10 days
after the last oil rel ease. Note that results
are presented for whale peints: each whale point
represents 7. & bowhead Whal es.

RUN 5: 480 points from a total Oof 3500 points did not hit oil.
Whale pt
) # # of hits Time in oil (hrs)
8 323 4.0
=1 157 2.0
1238 143 1.2
142 343 3.8
150 540 6.4
252 458 5.4
275 g80 12.7
279 28 0. 4
207 215 3.6
301 178 2.7
302 97 1.2
341 153 2.4
353 73 1.5
359 294 4. 4
370 105 0.9
385 % 2.0
393 266 4 2
410 130 2. 1
453 24 0.7
462 164 1.6
Totals: 20 4633 63.6
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RUN 9: 499 points from a total of 500 points did not hit oil.

Wiale pt _ _
ID # # af hits Tinme in oil ¢(hrs)
446 251 3.7
Tot al s: 1 251 3.7
RUN 12: 487 points from a total of 900 points did not hit oil.
Wiale pt _
ID # # of hits Time I N oil ¢(hrs)
32 89 1.8
35 55 1.2
64 83 1.4
121 164 1.4
170 156 1 2
171 130 1.7
210 118 1. &
276 64 1.5
350 32 0.5
390 121 1.7
393 15 1. 0
450 129 0.9
405 174 1. 8
Totals: 13 1335 17. 5
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e

RUN 13: 427 points from a total of ouFWoeinvs dig 'hde niv ‘o1

Whale pt
ID # # of hits Time in oil (hrs)
] 114 1.1
8 166 2.4
9 123 2.0
11 139 1.4
12 180 1.4
16 188 3.0
31 104 1.4
33 262 3.6
39 83 0.5
43 127 2.2
46 75 1.4
54 az21 4.0
'50 41 0.3
64 45 0.5
66 283 3.3
7a 95 1.7
El 7a 0.6
84 111 2.2
B8& 249 3.2
B89 392 5.0
111 333 3.4
124 19 1.3
1235 162 37
136 18 0. 5
151 165 1.4
157 191 2.1
199 108 11
173 110 1.7
190 154 1.9
200 183 2.4
206 28 0. "7
207 75 145
210 145 2. 8
214 175 2.1
219 9s 11
229 9a 1.4
232 412 5.8
237 137 0.7
238 61 1.4
249 85 1.1
255 267 2. 4
266 134 2.6
272 37 0. 8
282 272 26
293 221 1.6
298 68 22
304 46 1.1
309 69 1.3
318 86 0.9
321 5a 0.7
343 187 2.4
358 183 2.4
361 86 1.3
363 15 0.7
374 93 1t
377 17 0. a
385 B3 1.5
388 91 1.0
394 13 0.4
401 279 3.4
403 46 0.8
404 41 0. B
414 107 1.3
417 266 3.7
421 179 2.3
425 34 1.4
430 249 3.9
435 126 2. 2
43a 2a 0.7
459 121 1.9
466 67 0.4
472 151 2.4
473 239 2.7
Totals: 73 9872 135. a



RUN 14: 484 points from a tatal of 500 points did not hit oil

Whale pt
ID # # of hits Time in oil ¢hrs}
18 275 4.7
149 371 5.0
284 220 3.8
29a 162 2.3
322 317 3.7
347 32 1.0
349 553 9. 0
394 423 5.3
408 50 0.4
421 179 2 2
426 187 2.0
429 533 7.3
439 555 8. &
469 365 5.7
470 13 0 4
477 59 0. &
Total s: 16 4274 152. 0
RUN 15: 484 points from a total of SO0 points did not hit Oil.
Whal e pt
ID # # af hits Tine in nil (hrs)
1G4 150 2.5
123 =299 5 0
125 266 2.5
146 &5 1.1
221 b6 0.8
258 159 2.7
360 239 3.1
309 301 5.0
424 157 1.2
437 400 5.7
440 367 4. 5
462 367 4.9
465 153 2.2
493 &8 0.7
495 279 3.9
500 84 1.4
Tot al s: 146 3420 47. a
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RUN 16: 469 points from a total of 3500 points did not hit oOil.

Whale pt
ID # # of hits Time in oil ¢(hrs)
12 450 6.2
23 45 0.9
33 8 0.3
35 314 4.8
51 2a 0. 2
54 37 0.5
62 406 s. 9
74 150 1.6
84 348 5 1
88 352 4, 1
97 57 1.0
127 228 2. 8
132 18 0.3
134 116 1.3
133 243 3.2
145 37 0.5
227 126 1. 8
241 13 0.2
269 72 2. 0
274 561 7.3
291 863 11. 1
310 177 2. 1
317 151 4, 1
340 564 8. 5
363 107 1.2
384 340 4, 5
a5 5 190 3.9
399 35 0.4
419 78 1.0
423 114 1.4
456 111 1.6
Total s: 31 6385’ 89.7
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RUM 17: 456 points froma total of 500 points did not hit oil.

Whale pt
ID # # of hits Tinme in il (hrs)
1 303 4.0
15 34 0.6
35 318 4.3
53 97 1.6
62 140 2.5
67 455 s. 3
0 564 7.8
117 &4 1.9
132 146 2. 4
134 7 0.1
141 &7 1.4
149 73 1.0
182 149 1. 5
1 94 33 0.6
200 228 3.2
212 35 0.7
214 129 1. &
217 117 2. 1
223 124 2. S
245 91 1. 8
253 42 0. &
283 141 2. 2
285 99 2.2
287 406 5 1
29? 90 0.7
322 1 #2 1. 5
330 333 5 6
334 306 3.4
338 258 4.4
349 148 2. 1
350 159 2.0
359 111 2.0
367 &8 1.9
395 &87 8.0
403 55" 3 5 8
405 60 0. 8
414 224 2. 1
427 13= 2.1
437 94 1.7
459 173 1.7
463 573 7.4
470 160 3.0
481 429 5 3
484 545 8. 1
Tatals: 44 9133 127.7
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RUN 18 3894 points from a total of 300 points did not hit oil

Hhale pt
o » Nof hits Time in otl thve ¢
- 132 32
a 171 22
10 278 32
19 207 21
<1} 171 29
41 234 2. %
32 541 62
EL3 271 30
60 306 41
61 . 02
62 L 21
&3 14 0 4
&8 92 1.0
65 11t 1.9
73 206 33
[:2] 145 25
B8 183 2.8
Li:] %50 0.3
110 110 2.¢
111 389 3.7
121 128 1.2
124 81 1.0
ta2 I 97 3.0
191 147 18
132 107 16
t 94 132 27
196 14 03
162 97 14
164 &b o3
167 &4 0.8
171 193 1.8
172 398 ERE)
173 23 32
140 123 2.3
184 42a 54
183 17 02
192 120 1.2
193 247 42
203 221 a0
20% 79 0.6
208 46 1.5
212 92 17
214 71 1.7
219 90 2 3
223 ?s2 47
227 26 01
228 Y 1.9
229 202 2.8
239 173 33
241 208 30
242 92 19
249 29 07
251 120 27
233 &73 9 1
256 104 13
267 547 7.5
248 71 1.1
272 Ice & 1
2?4 87 1.4
24 a7 652
277 48 06
278 269 30
282 199 1.8
283 404 28
284 177 2.2
207 2 2.7
298 404 9 3
30 [ 277 -]
302 113 17
303 121 17
322 187 2e
325 291 < -]
329 279 48
343 523 83
349 a3s 70
346 131 22
348 10? 23
354 279 33
338 338 306
361 163 31
372 as8 S &
3?4 39 10
378 a3 1.9
379 92 14
380 347 43
3az 93 1.2
373 30.7 3 ?
393 243 3%
401 238 34
402 373 3
403 394 31
404 293 3.3
306 122 22
407 1.52 2.7
q14 92 1.8
413 33s 51
418 144 23
423 143 2.4
426 1.5 13
434 324 3.7
436 133 1.8
431 61 12
442 268 52
438 654 71
450 147 29
433 87 33
434 382 3.6
a37 280 32
460 232 39
457 44 o8
471 asz2 4 3
874 146 27
"7 333 8.7
480 233 4.8
4835 291 4 3
489 166 3. 4
Totals: 118 24394 341. 9



RUN 21: 439 points from a total of 500 points did nut hit oil.

VWhale ot
ID #r # of hits Time in oil (hrs
10 354 5.9
36 272 5.4
46 224 3.5
47 534 6.8
53 111 L1
56 157 2.1
62 352 4.9
74 207 1. 8
77 509 5 8
78 176 2.4
84 217 3.1
85 1538 3.0
B6 357 55
93 ZB1 4.4
98 1&3 2. &
114 328 3.4
128 191 2.5
145 62 0. 5
14? 113 2.0
155 385 5.8
162 230 2. 9
176 363 3.7
182 241 3.4
188 50 1.7
189 261 3.3
193 95 1.2
212 386 4.7
244 223 3.8
248 90 1.2
251 302 3.5
253 236 5.4
254 382 6.5
258 383 : 6.0
269 393 7.0
285 614 8.8
307 314 51
325 133 2. 1
329 229 2.9
331 144 2.0
335 213 3.4
338 65 1.5
342 338 4.3
359 307 4.6
360 148 1.9
369 280 3.2
374 257 2.4
382 103 L1
383 770 13.6
390 75 0.9
402 176 2.4
420 193 2.6
427 274 3.7
450 178 2.4
448 159 2. &
469 221 2.7
478 189 3.2
4181 116 1.8
403 483 7.2
494 133 1.8
495 477 7.9
499 76 1.0
Tot al s: 61 1 5547 220. 5



RUN 22: 480 points from a total of 500 points did not hit eil.

Wale pt
1D # # of hits Tinme in oil (hrs)

18 199 1.7
126 16 0. 1
1 &8 114 1.5
218 265 3.1
241 207 2.8
2464 315 4.8
282 24 0.7
284 250 4.3
308 283 4, B
325 375 5.6
353 268 2.6
364 554 7.8
393 201 3.5
4086 230 3.3
438 i24 1.1
464 861 12.5
4465 145 1.6
4468 639 9. 0
4s 1 31 5.0
486 128 1.9
Totals: 20 5580 77.9
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RUN 237 4462 points from a totas of 500 points did not hit oil.

Whale pt
ID # # of hits Tinme in oil (hrs)
4 107 2.9
85 233 3.2
89 189 2.2
24 311 5.2
111 198 3.7
121 284 3.2
1 30 123 1.3
150 142 2. 0
153 192 2. 1
162 115 2.3
179 310 4 3
109 489 7. &
204 56 0.9
206 113 2. 3
217 5 0.4
226 51 1.3
227 21 2. 4
244 129 1.8
245 397 5.6
2S7 118 1.6
272 b 1.5
2% 157 3.1
292 102 0.8
319 1 603 24.0
334 Q4 0. 8
354 81 1.9
356 218 3.0
394 516 5. 8
39'7 124 2.0
419 78 1.1
442 20 1. ¢
454 574 7.9
458 25 0.3
4564 257 3.5
469 319 4.5
470 560 7.7
481 120 1.8
482 1550 23.2
Tot al s: 38 10137 148. 4
RUN 25: 499 points f-rema total of 500 peints did not hit oil.
Whale pt
iD # # of hits Tine in oil (hrs)
265 54 0.5
Totals: 1 54 0.5



Tabkle B.7 Mumber of surfacings in oil and time in oOil ed water
for i ndividual bowhead whale points for each spill
scenari 0 at Beaufortsites (spring spills)
resulting in whale-o0il encounters. Values are
cal cul ated at 10 days after the last oil release.
Note that results are presented for whale points:
each whale paint represents 7.6 bowhead Whal es.

RUN 1: 497 points froma total of 500 points did net hit oil
Whale pt
ID # # af hits Time inoii thrs?
258 85 11
271 70 0.6
283 71 1.2
Totals: 3 226 2.9
RUN 16: 481 points froma total e+ 500 points did not hit oil.
Whale pt
ID # # of hits Tine in eil (hrs?
172 105 1. 0
174 10 0. 3
179 172 1.5
185 38 0.5
194 85 1.3
204 34 0. 4
205 2? 0. 5
214 &1 0.4
221 25 0.4
224 21 0.5
235 &8 0.9
254 7 u. 2
254 97 1. o
263 73 0.7
283 23 0.4
292 45 0. 4
295 71 0.5
309 1 0.2
324 &2 1.0
Tot al s: 19 1027 12. 1
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RUN 17: 498 points froma total of 500 points did not hit oil.

Whale pt

0 # # of hits Time in oil t(hrs)
283 55 0.4
383 22 0.4
Totals: 2 77 0.8
RUN 21: 486 points from a total of 500 peints did net hit oil.
Whale pt
ID # # of hits Time in oil (hrs)
16s 39 0.3
174 70 1.2
179 246 2.4
205 40 0.3
221 44 0.4
235 216 2.2
249 98 1.t
269 31 2.5
283 4 0.3
285 24 1.1
290 170 1.7
292 49 0.3
306 232 2. 1
317 13 0. 1
Tot al s: i4 1276 14. 0
RUN 22: 490 points from a total of 500 points did not hit oil
Whal e pt . .
ID # # Of hits Time IiN 0Oil ¢hrs)
179 40 0.4
220 182 1.9
221 1 0.0
235 60 0.3
273 293 2.5
290 78. 1.2
3064 133 1.6
327 2% 0.3
329 85 2 2
332 1 00 a7
Totals: 10 990 11. 1



Table B.8 Nunmber of surfacings in eil and tine in giled water
for i ndividual gray whale points for each spill
scenari o at Beaufort site 5 (spring spills)
resulting i n whal e-oil encounters. Values are
calculated at 10 days after the last oil release.
Not e that results are presented for whal e points:
each whale point represents 34 gray whal es.

RUN 16: 4’ 7?9 points #rom a total of 500 points did not hit oil.
T ot s Time in oil thrs)
S AR 32 .
Total s: 1 119 3.2
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Table B. 2 Nunber of surfacings in oil and tine in ociled water
for individual bewhead Whal € poin%ts for each spill
scenari o at Beaufort site 5 (sumer spills)
resulting in whal e-0il encounters. Val ues are
calcul ated at 10 days after the last oil release.
Note that results are presented for whale points:
each whale point represents 7. 6 bowhead Whal es.

RUN 1: 47S points froma total of 500 points did not hit oil.

Whal e pt
ID # # of hits Tine in eil {hrs)
17 41 0.4
37 30 0.7
53 42 0.6
57 65 0.8
&8 &2 0.9
71 122 1.4
74 99 1.8
96 43 1.1
130 &5 0.9
134 74 0.6
150 19 0.3
163 156 1.9
172 98 1, 0
201 23 0.6
206 57 0.3
213 36 0.2
308 12 0.3
331 22 0.5
364 224 3.2
417 23 0.6
484 49 0.6
495 99 0.7
Tot al s: 22 1466 19. &
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RUN 3:

Tot al s:

RUN 4:

Tot al s:

Whale pt
ID #

477 points froma total of 500 points did not hit oil
# af hits Time in oil thrs)

38 0.7

5 0.4

68 0. 5
52 0. 8
117 1.7
56 0.8
14 0.3
46 0. B
20 0.7
113 1.6
87 0.7
313 3.3
24 0.2
28 0.7
sS4 0.4
42 0.6
45 0.6
?4 1.7
&4 0. 8
52 1.9
61 0. 3
125 0.9
127 1. H
1&£45 22.7

480 points fram a tot%al of

Whal e pt
ID #

# of hits Time in oil

500 paints did not hit oil.

(hrs)

60
53
61
98
bé
&6
52
47
55
56
133
51
34
a8
116
34
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RUN 7:

Tot al s:

RUN <:

Totals:

RUN 13:

Totals:

493 points from a total of

Whale pt
ID #
26
61

132
218
272
3095
487

497 points from a total of

# of hits

55
&7
23
78
o i)

# af hits

494 points from a tota

Hhale pt

ID #

# of hits

166
137
25

B- 58

500 points did not hit

Lo
b

500 points did net hit

Time in oil ¢(hrs)

________ -

S00 points did not hit

Time in 0il ¢hrs?

oil.

oil.

oil.



RON 15: 452 points from a total of BH00 points did not hit oil.

Whale pt
ID # # of hits Time in o0il (hrs)
3 a3 0.1
7 19 0.3
i0 A 1.1
16 27 0.5
17 58 0.2
39 47 0.7
47 30 0. 4
71 a9 0.2
72 59 0.3
74 13 0.2
81 4 0.1
83 29 0.5
111 37 0.9
118 &7 0.9
124 32 0.9
149 ?6 0.7
170 34 0.7
195 47 0.7
210 49 0.4
213 148 1.2
214 &9 0.7
229 10 0.1
249 20 0.5
252 61 0.9
2358 12 0.3
247 47 0.9
276 59 0.3
278 23 1.0
281 13 0.9
288 k] 0.1
296 4 0.2
313 32 0.6
330 15 0.8
353 41 0.9
361 15 0.6
369 77 0.5
372 28 0.2
387 70 0.4
397 91 0.7
417 16 0.1
427 53 0.4
429 30 0.4
434 9 1.4
442 G 0.1
4467 15 0.4
483 23 0.7
484 i1 0.1
494 23 0.2
TJotals: 48 2006 25. 4



RUN 1%: 497 peints #rom a total of 500 points did not hit oil.

Whale pt

ID # # of hits Tinme in oil ¢thrs)
137 67 0.9
325 4 ¢). 4
454 5 0. 8
Totals: 3 76 1.8

RUN 20: 490 points from a total of 500 points did not hit eil.

Whale pt
1D # # of hits Time in oil (hrs)
51 40 0.7
148 9a 1.2
235 51 0.9
360 52 0.9
261 145 1.5
379 127 1.0
429 93 1. 1
443 57 0.6
458 71 0.7
499 70 0.9
Total s: 10 804 9. 5
RUN 23: 484 points from a tetal of 9S00 points did not hit oil.
Whale pt
1D # # af hits Time in oil t(hrs)
55 94 0.9
84 71 0.8
95 88 0.7
123 21 0.7
124 44 0.9
157 37 0.4
1715 9 0.3
205 113 1.6
211 52 Q 3
219 39 0.6
348 56 0. &
354 80 0.9
371 99 0. ?
387 146 1.2
422 8 0.6
461 73 1.3
Total s: 14 1100 12. 7
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Table B. 10 Numberof surfacings in oOil and tine in ociled water
for individual gray whale points for eachspill
scenario at Beaufort site 5 (summer spills)
resulting 1 N whal e-0i|l encounters. Val ues are
calculated at 10 days after the last oil release.
Note that results are presented for whale points:
each whale point represents 34 gray whal es.

RUN &: 488 points from a total of 3500 points did not hit oil.
Whal e pt _ _
iD # # of hits Time in oil (hrs)
2 45 1.2
21 183 4.5
101 127 3.1
108 138 4.5
123 99 3.0
153 327 8.3
224 34 0.9
243 74 2.5
24& &7 1.9
277 163 3.8
376 117 3.0
436 138 3.7
Tot al s: 12 1514 40. 2
RUN 12: 4’95 points from a total of 500 points did not hit oil.
VWhal e pt
ID # # of hits Time in oil ¢hrs)
F 7 0.3
75 73 1.9
231 45 1.t
254 43 1.3
283 14 0.4
Tot al s: 5 182 5.0
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RUN 14: 495 points from a total Oof 500 points did not hit oil.

Whale pt

ID # # of hits Tinme in ail ¢hrs)
79 148 3.9
123 84 2.4
170 81 2.3
349 86 2.2
Tot al s: 4 39 10. 9
RUN 16: 498 poi nts from a total of 300 points did not hit oil.
Whale pt .
ID # # of hits Time I n oil ¢(hrs)
67 32 0.7
107 129 ] 3.5
Tot al s: 2 161 4.2
RUN 24: 497 points from a total of 500 points did not hit ail.
Whale pt ] . .
ID # # of hits Time in oil (hrs)
161 155 4. 1
397 6 0.2
401 1352 3.7
Totals: 3 313 0.0
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Table C. 1 Number Of surfacings in oil and time in oiled water

for individual bowhead whale points for each spill
scenario at Chukchi site 1 (spring spills)
resulting in whale-oil encounters. Val ves are

calcul ated at 10 days after the last oil release.
Note that results are presented for whale points:
each whal e point represents 7. 6 bowhead whales.

RUN 2: 494 points from a tatal of 3500 points did net hit oil.
Whale pt ] '
ID # #o0f hits Time in oil (hrs?
183 328 3.5
228 78 0.8
299 =& 3.3
428 121 1.2
440 221 2.4
4463 633 7.0
Tot al s: 6 1719 20. 2
RUN 3: 490 points froma total of S5S00 points did not hit oil
Whale pt
ID # # af hits Time in oil ¢(hrs)
1864 39 0.8
208 15 0.3
231 58 u. 7
334 27 0.7
363 5 0.1
37s 62 0. '7
353 56 Q. 8
4564 62 1. 0
467 118 2. 1
478 59 1.1
Taotals: 10 301 8.3
RUN 5: 498 points from a total of 300 points did not hit oil.
Whale pt _ '
ID # # of hits Time in oOil ¢hrsy
206 | 0.1
299 168 2.5
Tot al s: 2 189 2. &

Cc-2



RUN O:

Tot al s:

RUN 11

Totals:

RUN 14:

Totals:

497 points fram a total of

Whale pt
ID # # of hits
302 151
308 23
332 147
3 351

47?7 points frem a toial of

Whale p%
ID# # of hits
424 63
1 &5

490 points from a total of

Whale pt
1D # # of hits

178 1t
197 13
21 T4
259 59
263 =3
271 81
295 36
303 207
325 g2
332 19
10 655

c-3

500 points did net hit oil.

in oil (hrs)

o et

500 points did not hit oil.

in oil ¢(hrs)

500 points did net hit oil.



Run 15: 482 points from a total of 500 points did not hit oil.

Whale pt
ID # # of hits Time in oil <(hrs?
191 42 1.0
224 116 2.2
271 17& 2.7
309 127 2. 1
350 33 0.6
353 30 u. 2
370 4 Q 6
400 134 2.5
427 26 0.2
433 a1 ?. 35
438 40 0.4
as4 ?5 1
447 1 GO % T
448 119 1.4
470 18 0.3
475 251 3.8
490 47 0. 4
49s 4 Q3
18 1422 21.2
RUN 19: 492 points from a total of 500 points did not hit oil.
Whale pt
ID # # of hits Time in o0il ¢hrs?
185 52 0.6
201 31 0.3
222 133 1.9
269 47 0. 6
275 1 &3 2. 0
300 37 Q. 6
304 ;e 1.2
315 45 0.4
Tot al s: 8 &07 7. H
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Table C.2 Number of surfacings in o0il and time in ociled water
for individual bowhead whale points for each spill
scenario a% Chukchi site 1 (summer spills)
resulting in whale-ail encounters. Values are
calculated at 10 days after the last 0il release
NMota that results are presented for whale paints
each whale point represents 7. 6 bowhead whales.

RUN 3: 490 points frem a total of 3500 points did not hit oil.
Whale pt
iD # # of hits Time in oil {hrs)
b2 114 u. 9
133 45 0.7
241 &2 0.7
253 &8 1.0
3&6 &7 0.7
378 26 a. 2
406 113 1.3
G2 8 1.3
447 12 0.4
497 44 0.5
Totals: 10 649 7. 0
RUN 11: 493 points from a %total of SO0 points did not hit oil.
Whale pt
ID # # gf hits Time in o0il (hrs?
70 53 0.5
117 1&0 i. 9
174 134 2.0
213 2C8 2.8
245 14% 1.3
261 oh 1.0
400 190G 1.7
7 942 11.2
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RUN 14: 474 points from a teotal of OS5CQ peints did not hit oil

Whale pt
ID # # of hits Tine in oil {(hrs)
19 37 0.9
43 g8 0.9
48 =67 4.3
54 40 0.8
S9 104 1.3
&0 222 0.6
6-F 43 0.4
74 &7 1.4
84 230 1.9
25 113 1.0
112 =3 0. &6
114 igé 2.2
150 26 0.7
184 73 1.4
230 1359 1.0
2&0 &3 1.3
278 37 0.7
283 43 0. 7
308 = ¢). 3
333 &4 1.1
388 73 0.9
299 144 1.7
438 110 1.2
4&£3 4 0.0
453 19 0.2
494 109 1.0
Totals: 26 22C0 28. 5
RUM 15: 490 points from a total of 00 zeoints aid nelt hit eil.
Whale pt
ID # # of hits Time in oil (hrs)
17 10 0. 5
&8 74 0.7
86 102 1.9
193 &5 0. 5
19& 32 0. 5
284 2 0.2
3&4 ig3 1.4
413 135 1.9
482 144 a2
493 33 1.C
Tot al s: 10 1457 10. 8



RUN 19: 498 points from a total of S00 points did net hit oil.

Whale pt
ID # # of hits Tine in o0il ¢hrs)
5 238 2. H
58 a3 1.0
1 06 7 0.9
121 170 1.8
1561 12 0.5
170 78 1.1
228 48 0.5
242 47 0.4
313 az 0.7
3A ¢ &1 1.3
386 20 0.6
491 5% 1.2
Totals: 12 B&7 12. 8
RUN 20: 492 paints Ffrom & totsl of SCC points did no¥t hit ozl
Whale pt
ID # ¥ of hits Tine in oil (hrs)
2 = 0.9
1'53 4 0.8
211 &3 ). 7
275 27 0.7
=207 &4 0. 7
378 &7 u. 38
451 87 1.0
475 20 1.1
Totals: 8 474 6. 7
RUN 21: 498 points fram a total of 500 points did not hit oil.
Whale pt
iD # # of hits Time in il (hrs?
42 40 0.2
115 10 0.8
Totals: 2 20 1.7
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RUN 25: 494 points from a total of 3500 peints did not hi%t oil,

VWhal e pt
1D # # of hits Tinme in oil (hrs)
2 21 0.4
1692 157 .7
288 49 0. &
307 43 1.4
354 90 0.9
488 52 1.4
Totals: 6 412 &, 4
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Table €. 3

RUN 1:

Tot al s:

RUN 2:

Tot al s:

Nunber

for

of surfacings
i ndi vi dual
scenario at Chukchi site 1 (summer
resul ting
cal cul ated at
Note that

in oil and tine in oiled water
gray whale points for each spill
spills)

in whal e-0il encounters. Values are

10 days after the last oil rel ease.
results are presented +for whale points:

each whale point represents 34 gray whales.

4S3 points from a total of

Whal e pt
ID#

490 points

Whale pt
ID #
21
43
47
84
97
153
154

255
2348
402

10

oil.

500 points did net hit

in oil (hrs)

Ti ne

# of hits

33

OO M HEONONOO WO R W

g
B

from a total of 500 points did not hit oil.

# of hits Time in oil {(hrs}
54 1.3
3 2. 3
86 2.3

241 6. 3
78 2.3
50 2. 0
17 0. 5
97 2.3
20 0.5

1 0.1
737 20. 1




RUN &: 494 points from a tat-al of 300 peints did not hit oil.
Whale pt
ID # # of hits Time in oil (hrs?
17 52 1.1
3 31 Q.2
82 216 b, &
136 1z G 2
162 &5 2. 1
i 70 40 0. 8
Tot al s: & 423 11.4
RUN O: 487 points from a total of 3500 points did not hit oil.
Whale pt
D # # of hits Time in o0il (hrs)
32 55 1.5
47 141 3. 3
72 70 1.4
108 151 3.4
131 15 0.5
138 7 Q. 2
186 36 i.5
188 57 1. 1
=200 87 2. 3
237 1 BB 5.9
=248 =1 1.5
=63 1 64 §. Q
401 146 Q.5
Tot al s: 13 In3s 26. 3



RUN 10: 470 points froma total of 900 points did not hit oil.

Whale pt
ID # 4% of hits Tine in ail (hrs)
25 &0 1.2
32 49 1.3
33 20 0.6
34 79 2.2
82 183 4.4
85 313 8 4
108 21 0.6
123 185 5.4
132 1462 4.4
134 60 1.6
137 133 3. &
153 84 2. 1
105 29 0.7
200 517 13. 3
212 304 8.3
222 21 0.4
24& 21 0. &
251 1e 0. &
263 112 3.1
265 197 5 1
2090 136 3.4
301 =20 1.2
343 7 2.4
365 107 2. 7
372 138 3.4
376 403 10. 2
381 141 3.9
282 51 1.3
400 1&2 4.2
423 55 1.7
30 3911 103. 0
rUN 13: 495 points from a total of 500 points did not hit cil.
Whal e pt
ID # # of hits Time in oil (hrs)
73 42 1..2
132 214 5.7
134 238 b 2
245 36 1.1
43 21 0.6
Tot al s: 5 573 15. 0
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RUN 18:

Totals:

RUN 21:

Totals:

499 points from a tetal of

Whale pt
ID # # of hits
83 80
1 80

4?2 points from a total Of

Whale pt
ID # # of hits
35 18
92 Sa
110 38
204 63
208 174
263 1
277 &7
313 1l4e
8 574

G 13

500 points did net hit oil.

Tine in oil (hrs

— e e e

500 points did not hit osil.

in o0il ¢hrs?



Table C. 4 Number of surfacings in oil and time in giled water
for individual bowhead whale points for each spill
scenario at Chukchi site 2 resulting in whal e-oil
encounters. Valyes are calculated at 10 days
after the 1ast oil rel ease. Note that results
are presented for whale points: each whale point
represents 7. 6 bowhead whal es.

RUN 2: 499 points from a total of 3500 points did not hit oil.
Whale pt
) # # of hits Time in oil thrs)
ice =28 0.7
Totals: 1 28 C.7
RUN 3: 492 points from a total of 300 points did not hit oil.
Whale pt
ID # # of hits Time in ail ¢hrs)
& &4 0. 9
12 b Q. 9
48 79 0.7
112 F2 i. 6
1129 58 i 1
120 112 1. 2
124 15 0.1
1460 41 0. 7
173 138 .1
212 B8O 1.6
235’ 37 0.9
297 = 0. 2
305 174 2. 4
332 42 0.5
341 70 0.8
370 =8 0.1
448 167 1.8
431 = 0.7
Total s: 18 1318 17.3
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RUN 11:

Totals:

RUN 13:

RUN 16:

Totals:

RUN 22

Tot al s:

485 points from a total of

Whale pt
ID #

499 points

Whale pt
ID #

414

498 points

Whale pt
ID #

499 points

Whale pt
ID #

# of hits

86
173
249
24
17

from a total of

from a total of

# of hits

from a total of

# of hits

41

41

C15

300 points did not hit oil.

500

200

300

Time in oil {(hrs)

NRrOROROONOOONRD
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zgints did nat hit oil.

Time in o0il {(hrs)?

points did not hit 0il.

Tima in o0il (hrg)



Table C.5 Plunber of surfacings in oil and time in oiled water
for i ndividual bowhead whale points for each spill
scenario at Chukchi site 3 (spring spills)
resulting in whale-oil encounters. alues are
calculated at 10 days after the last oil release.
Note that results are presented for whale points:
each whal e point represents 7. & bowhead whal es.

RUN 1: 492 points from a total of 500 points did not nit oil.
Whale pt i _ .
ID # # of hits Tine in oil ¢(hrs)
172 2a 0.7
17s 202 2. 7
235 57 1.0
273 120 1.0
303 &8 1.8
308 S6 0.7
329 114 1.5
332 42 0. &
Tot al s: =) &87 i0. O
RUN 2: 4?? points from a total of 300 points did not hit oil.
Whal e pt _ ) .
iD & # of hits Time in oil ¢hrs)
306 161 ___? } _____
Tot al s: 1 161 3.1
RUN 4: 490 points froma total of 500 points did not hit oil.
Whale pt ) . i
ID % # o¢ hits Time in oOil (hrs)
210 119 ég
315 35 .
358 91 0.8
389 4 0.0
421 44 0.5
434 &7 0.9
445 165 2.3
488 12 0. 1%
489 10? 1.7
491 278 36
Tot al s: 10 5' 26 11.6
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RUN 8: 420 points from a tatal of 300 points did not hit oil.

Whale pt
ID # # af hits Tine in oil <{hrs)
171 101 1.0
190 239 3.2
191 85 1.1
200 90 0.9
202 &7 0.5
214 113 1.4
222 &0 0.8
225 37 0.6
230 471 4.7
256 94 0. E
262 i8 0.4
283 12 0.3
323 34 1.0
351 37 1.0
286 45 0. 5
423 11< 1.3
4264 58 0.7
437 &2 0.7
463 101 1.2
4635 &8 1.3
Totals: 20 1931 23. 4
RUM 10: 493 points from a total of 500 points did not hit oil.
Whale pt
Id# # of hits Time in oil <{(hArs?

173 & G 4
120 1 Qh 1.3
197 91 0. ?
214 73 1.4
220 34 1.0
259 104 1.5
290 31 3.4
7 447 7.1
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RUN 15: 444 points from a total of 300 points did not hit oil

Whale pt . .

iD # # of hits Time in oil thrs)
161 11 0.4
175 52 1.4
177 54 0.9
178 42 1.0
187 73 0.9
208 79 0.8
209 127 1.6
235 7 0. 8
250 76 0.9
251 75 1.0
252 42 1.6
266 191 3.8
279 70 0. &
280 28 0. 1
287 1=2 1.5
288 74 1.3
296 &3 1.0
302 154 2.0
312 257 4. 5
331 74 1. 5
333 177 2.2
339 L 89 2. &
384 80 1.1
358 26 0.4
359 58 1. 8
363 64 1.7
365 1 84 2.1
367 69 2. 6
368 51 1.5
375 109 1. 4
376 70 1.7
377 18 0.1
280 58 1.3
381 133 1.6
386 34 0. 8
387 129 1.3
390 102 1.3
391 79 1.t
392 82 1.6
396 142 1.5
397 241 4.4
393 156 1.7
40 1 112 0. 8
40& 66 1.5
407 91 0.8
439 144 2.2
444 207 3.1
451 110 1.4
454 60 1.1
4s6 48 08
458 109 1.2
462 &2 1.3
458 3532 4.3
453 97 2.0
497 &8 1.t
498 135 2. 1

Totals: 54 5939 87.0
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RUN 17: 480 points from a total of 500 points did not hit oil.

Whal e pt
ID # # of hits Time in oil ¢hrs?
172 102 1.1
179 24 1.1
183 58 1.1
194 131 1.3
195 =8 1.0
197 73 1.8
204 335 4.9
224 104 1.0
241 72 1.2
242 97 1.2
254 183 2. &
259 102 0.9
273 1o 0.9
275 159 2.5
280 272 4, 0
283 134 1.4
285 177 2.7
294 29 0. &
298 310 6. 1
302 &2 1.5
Totals: 20 2654 39. 9
RUN 21: 486 points from a2 total of 3500 points did mot hit oil.
Wale pt
ID # # of hits Time in ail {(hrs)
170 152 1..5
192 295 3.1
216 24 ?.5
230 119 .5
232 35 0.6
233 156 2,2
248 170 2.3
264 566 8. 1
270 83 1.3
276 209 2. a
287 53 1.8
291 116 1.4
299 1 o4 2. 1
320 21 0.2
Totals: 14 2193 29. 5
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RUN 23: 469 points from a total of 9S00 points did not hit oil.

VWale pt
iD # # of hits Time in ol (hrs?
14 55 0.7
58 41 0.5
&1 17s 2.3
168 44 1.0
204 24 0.7
210 &3 0. 8
251 150 1.8
254 161 1.4
255 147 1.1
280 70 1.0
2B6 184 1.3
310 123 2.1
328 53 1.0
342 0 0.9
344 126 1.7
351 86 0.7
367 340 7.0
374 115 1.7
376 191 2.9
388 320 4.9
391 116 1.4
393 287 2.7
408 107 1.4
414 47 0.6
416 86 1.3
423 70 29
25 114 1.4
428 24 1. 9
431 42 1.0
447 44 0.5
458 1 #7 1.7
Totals: 31 3672 50. 1
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RUN 24: 474 points from atotal of 500 points did not hit oil.

Whale pt
ID # # of hits Tinme in oil (¢hrs)
190 121 1.0
212 1GO 1.2
213 132 1.1
215 206 2.2
216 1324 1.4
234 20 0.5
248 49 1.1
253 84 1.0
276 279 3.5
277 169 1.3
291 140 2.2
307 116 1.1
311 1320 1.7
315 82 1.0
321 8 0.7
aze6 55 1.4
351 203 2.1
374 =8 0.8
375 118 1.4
389 61 0.8
372 20 0.5
480 10 0.5
4463 122 1.8
473 122 1.9
477 1¢8 1.6
491 28 0.9
Totals: 26 2715 M. 7
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Table €. & Number of surfacings iNn ail and time in ciled water
for individual gray whale points for each spill
scenario at Chukchi site 3 (spring spills)
resulting in whal e-0il encounters. Values are
calculated at 10 days after the last oil release.
NMote that results are presented for whale points:
each whale point represents 34 gray whal es.

RUN 5: 499 points from a total of 500 points did not hit oil.
Whale pt )
1D # # of hits Time in oil (hrs)
126 35 0.7
Tetals: 1 35 0.7
RUN 8: 484 points from a total o+ 500 points did not hit oil.
Whale pt _
ID # # of hits Time in oil (hrs)
14 137 3.6
15 38 1.3
17 &7 1.3
18 23 27
21 24 1.2
24 &5 1.7
2s 18 2.7
27 18 0.3
36 441 10. 9
44 104 3.2
111 83 2. &
125 45 1.4
144 29 0.8
194 16 0.6
198 20 0.5
260 1? 0. 4
Tot al s: 16 1249 33.8



Table C.7 Number of surfacings in @il and time in oiled water
for individual gray whale points for each spil
scenario at Chukchi site 3 {summer s%ills)
resulting in whale-oil encounters. alues are
calculated at 10 days atter the last 0il release.
Note that results are presented for whale points:
each whale Point represents 34 8T&4 ‘hg|es”

RUN 1: 491 points from a total of 900 points did not hit oil.
Whal e pt _ _ _ _
ID # # af hits Time in oil thrs)
9 26 0.7
32 17 0.4
44 118 3.1
g4 5 c. 2
113 27 0.6
133 19 0.7
134 38 1.0
224 23 8. 13
356 e G.7 o
Totals: =] 292 8. 2
RUN 2: 49% points from a total of 500 points did not hit oil.
wh?}be#pt # of hits Tine in oil {(trs)
51 3 0.8 3
Totals: 1 a3 0.8
RUN 7: 494 points from a total of 500 points did not hit oil.
Wale pt . . .
iD #p # af hits Tine in oil thrs?
iz 140 3.9
24 27 0. 8
62 26 0.7
250 10 0.2
314 73 1.6
412 o 2_} _____
Tot al s: & 353 9.3
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RUN 9: 465 points froma total of 500 points did not hit oil.

Whal e  pt
1D # # of hits Tine in gil ¢(hrs?
8 82 2. 1
11 59 1.6
28 172 4.7
32 170 4.0
35 63 2.0
41 105 2.5
54 113 2.6
58 35 0. 9
69 73 2.3
90 33 1.0
?3 161 4.9
121 86 2.4
12 73 1.9
131 45 1.1
1233 31 0. 6
142 418 10. s
145 15 0.2
158 65 2.0
159 Y-S 1.4
179 26 3. A6
187 30 0.9
203 19 0.4
206 81 2.6
208 51 1.1
220 162 5 0
232 33 0. &
262 1467 4.3
270 23 0.5
274 43 0.3
297 &3 1.3
362 15 0.2
365 195 5. 0
423 33 Q. &
431 133 4.0
439 24 0.8
Totals: 35 2963 77.9
RUN 10: 495 points from a total af SC0 points did net hit oil.
Whale pt
ID # # of hits Tine in oil thrs)
153 z9 0.9
216 57 1.7
378 21 0.5
442 16 0. 4
442 176 5.0
Totals: 5 269 8.
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RUN 19:

Totals:

RUN 21

Totals:

499 points

475 points from a total of

Whale p%
ID #

£rom a total O

# of hits

# of hits

s e e

C- 26

500 points did not

Tine in oi

hit oil.
(hrs?
0.3
0.3
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62. 5

500 poaints did mot hit oil.

(hrs



RUN 235: 484 points from a total of SO0 points did not hit oil.

Whale ot
ID # # of hits Time in oil <{(hrs)
4 121 3.3
5] 37 Q. 2
23 11 0.3
54 2 Q.1
81 71 1.8
102 27 0.5
124 59 1.5
137 22 0.8
141 21 0.3
152 22 % &
198 79 1.7
232 39 1.1
252 31 1.2
26s 8 6. 2
275 7 0.1
281 17 0.3
Totals: 16 570 i4. 7
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Table C. 8 Mumber of surfacinas_in oil and tinme in ociled water
for individual bowhead whale points for each spill

scenari o at Chukchi site 4 resulting in whale-oil
encount ers. Values are calculated at 10 days
after the last 0il release. MNote that resulis
are presented far whale points: each whale point
represents 7. 6 bowhead whales

RUN 4: 497 points from a total of 500 points did not hit eil.
Whale pt
ID # # of hits Time in oil (hrs?
113 T 1.0
229 197 2.9
339 ?1 11
Tot al s: 3 387 5.0
RUN 11: 497 points from a3 total of 500 points did not hit oil.
Whale pt
ID # #? of hits Tinme in oil {hrs)
43 198 2.7
233 55 1.1
351 167 3.5
Totals: 3 420 7.3
RUN 14: 496 points froem a total of 500 points did net hit oil.
VWhale pt
SD # # of hits Time in oil (hrs)
12 & 0.6
132 2 0.0
458 23 0. 4
469 56 u. 9
Totals: 4 87 1.?
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RUN 17: 420 points from a total of 500 points did not hit oil.

Whale pt
ID # # af hits Time in il (hrs)
&0 12 0.9
78 20 0.3
110 35 0. 8
131 1.20 1.5
188 19 0.3
211 134 2.7
280 150 1.3
372 87 0.8
443 16 0.15
493 127 1.7
Tot al s: 10 722 10.9
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Table C 9 Number Of surfacings in oil and tinme in siled water
for individual gray whale points for each spill
scenari o at Chukchi site 4 resulting in whal e-o0il
encount ers. Values are calculated at 10 days
after the last o0il rel ease. NMote that results
are presented for whale points: each whal e point
represents 34 gray whales.

RUN 3: 494 points from a total of 500 points did nat hit oil.
Whale pt _ ]
ID # # of hits Time in ol (hrs)
27 185 4.7
211 41 1.3
212 =B 2.2
402 &2 1.5
Totals: 4 346 7.7
RUN 4: 499 points from a tatal of 500 points did not hit oil
Whale pt
ID # # af hits Time in oil (hrs)
292 04 2.4
Totals: 1 a4 2.4
RUN 5: 496 points from a total of 500 points did not hit oil.
Whale pt
ID # # of hits Time in oil ¢hrs)
7 244 7. 0
137 57 1.4
174 S 1. 5
283 59 1.9
Tot al s: 4 418 11.8
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RUN 6: 494 points from a total of 500 paints did not hit oil.

Whale pt
ID # # of hits Time in oil ¢hrs)
21 21 0. 9
32 113 2.5
92 40 1.4
218 58 1.6
232 327 a. 4
299 72 1.5
Totals: & 631 16. 3
RUN S: 474 points from a total eof 500 points did nat hit oil
kWhale pt
ID # # of hits Tine in oil {(hrs)
=20 33 1.0
24 84 2.2
34 24 0.7
43 Sh 1.3
52 140 3. 4
58 41 1.4
86 47 1.0
?5 44 i. 4
161 24 Q. 3
104 373 8 3
151 &Q 1.6
1463 19 0. &
205 174 4.7
206 103 2.8
214 20 2. 0
222 359 9.2
224 25 0.6
241 393 2.2
244 88 2.2
2s2 267 6. 8
248 95 2.7
346 40 1.3
352 272 7.6
3&4 87 2.2
419 52 1.4
4324 169 4. 4
Tatals: 2& 3159 81.4
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RUN @: 495 points from a total of 500 points did not hit oil

Whale pt
1D # # of hits Time in oil (hrs)
17 21 u. 5
97 109 3.3
298 59 1.4
308 150 3. 9
383 35 1. 0
Totals: 5 374 10. 1
RUN 11: 499 points from a total of 500 points did not hit' oil.
Whale pt
iD # # of hits Tinme in oil (hrs)
&2 23 2.4
Tatals: 1 28 2.4
RUN 13: 498 points frem a total of 500 points did not hit oil.
Whal e pt
ID # # of hits Time in oil t(hrs)
252 39 1.0
328 84 2.4
Tot al s: 2 123 3.4
RUN 15: 498 points from a total of 500 points did net hit oil
Whale pt _
D # # of hits Tine in oil t(hrs)
117 219 5.7
307 190 4.7
Tot al s: P 40Q% 10. 4
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RuN 16:

Tot al s:

RUN 17:

RUN z20:

Tot al s:

498 points froma tatal of

Whale pt
ip #
31

121

496 paints from a tetal of

Whale pt
ID #

47?7 points from a total of

Whale pt
ID #
28
46
&4

# of hits

# of hits
43
31
85
137
103
101
&8
37
145

500 points did not hit

'500 points did not

500

Time in oil

points did not hit

oil.
(hrs)
1.5
4.5
4. &
hit oil.
0.5
1.1
1.1t
1.7
4.4
oil.

Time in o0il (hrs)
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RUN 21:

Totals:

RUN 22:

Tot al s:

RUN 23:

Totals:

RUN 24:

Tot al s:

494 points from a total of

Whale pt

ID # # of hits

8 1 32

88 273

103 72

251 133

278 169

333 77

P2 856

49& points froma total of

Whale pt ]
1) # # of hits
158 21
230 39
263 397
380 &9
4 526

498 paoints from a total af

Whale pt
ID # # of hits
278 143
280 174
2 317

494 points from a total of

Whal e pt _
ID # # of hits
28 271

204 39
207 4
243 46

4 3&0

c-34

500 points did not hit oil.

in ail (hrs?

500 points did not hit eil.

7.2
1.1
0.0
1.3

7.6



Table C. 10 Nunber of surfacings in o0il and tine in oiled water
for individual gray whale points for each spill
scenario at Chukchi site 5 (sumer spills)
resulting in whale-oil encounters. Values are
cal cul ated at 10 days after the last oil release.
Mote that results are presented for whale points:
each whale point represents 34 gray whal es.

RUN 1: 460 points froma tetal of 500 points did not hit oil,
Whale pt

ID# # of hits Time in oil C(hrs)
10 2'? 1.0
13 46 1.3
19 54 1.8
22 2 0.0
2s 50 1.2
33 45 1. 4
44 74 2. 0
59 2?2 2.3
80 11 0.2
8.2 4s 1. ¢
113 83 2. 0
114 55 1.3
118 293 8.4
124 150 4.2
126 377 2.4
127 34 1.0
160 45 1.4
164 122 3.0
159 110 3.3
20s i co 2. 4
212 20 0. &
215 81 2.3
221 224 3.5
229 30 0. B
231 125 4.2
234 44 1.2
257 328 8.7
263 1'20 3.1
27S a2 2.6
312 &6 1.7
3.20 42 0.9
322 56 1. 1
353 16s 4, 1
363 70 1.9
366 139 4.0
367 36 1.4
434 58 1.2
448 77 2.0
450 119 2.7
455 71 1.0
Totals: 40 37&4 100. 9
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RUN 2:

Totals:

RUN 3:

Totals:

RUN 4;

Toptals:

RUN é&:

Tot al s:

496 points from a total of 500 points did net hit oil.

Whale pt
ID #

# of hits

284 7.5
206 5 &
202 4.7

13 0.4
705 10. 2

458 points from a total of 3500 points did net hit oil.

Whale pt
ip #

# of hits Time in OI | <(hrs)
14 0.2
40 0.7
54 u. ?

497 points frem a total of 500 points did not hit oil

Whale pt
ID #

# of hits Tine in oil (hrs)
1535 4.0
ppe) Q.7
30 0.7
207 5 4

493 paints from a total of S00 pPoints did not hit ail.

Whale pt
ID #

e s pamty reort et mrets et

# of hits Time in oil ¢hrs)

35 0. 8

37 1.1

71 1.8

141 4.0

28 0. &

9? 2. 3

1 Q.o

412 10.6
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RUN 8. 494 pOiNts from & total Of 300 points did not hit ail,

Whale pt _
ID # # OF hits Time in oil (hrs)
=28 110 2.8
46 146 4.0
65 73 2.9
112 109 2. 8
190 70 2.9
204 15 0.5____
Totals: 6 523 14. 5
RUN O: 487 points frem a total of . . points did not hit oi.
Whale pt
D& # of hiss T: in oil (hrs)
2a 0 8
83 2.2
113 33 0.8
146 =202 3.1
171 79 1.6
178 87 2.2
180 12 0.2
276 137 3.7
414 44 1.4
420 16 0. 5
454 2?8 2.6
45 1 27 0.0_
Totals: 13 888 23. 0
RUN 10: 487 points froma totar of g POints did not hit 9il.
Whale pt
ID # # of hits Time in 0il (hrs)
7 44 0.8
39 201 5.2
44 78 1.7
78 295 8.4
128 135 3 2
140 28 1.0
158 140 3.8
232 &9 1.6
237 49 1. 1
239 55’ 1.8
286 110 2.4
359 &3 1.7
437 73 1. 7
Tot al s: 13 1350 34. 4



RUN 11: 470 points from a total of 500 points did not hit oil.

Whale pt
ID # # of hits Time in Oil (hrs)
7 35 0.7
? 58 1. &
15 48 1.2
18 161 4, 3
21 109 2.4
&4 231 5. 4
80 146 3.2
83 191 5.3
88 314 7.9
97 83 2.3
109 41 0.8
121 7% 2. 1
162 369 9.2
v 163 153 3.7
1?72 4 0.1
204 76 2.3
239 44 1.0
254 255 0. 0
268 151 4.0
27 0 144 3.8
286 19 0.5
320 12!3 3.5
335 161 4.0
348 172 4, 6
358 18 0. &
365 263 10. &
282 490 13.0
420 4 2.8
458 20 0.6
445 64 1.7
Totals: 30 4263 111. 4
RUN 12: 498 points fram a tatal of 300 points did not hit oil.
Whal e pt
ID # # aof hits Time in oil ¢hrs?
100 177 4.3
362 85 2.0
Totals: 2 242 6.3
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RUN i8:

Totals:

RUN 19:

Tot al s:

RUN 22:

RUN 23:

Tot al s:

498 points from a total of

Whale pt
ID # # af hits
150 262
185 141
2 403

498 points from a total of

Khale pt

ID # # af hits

& 55
267 118

2 173

494 points from a total of

Whale pt
1D # # of hits
13 42
88 184
133 10
1465 43
181 95
203 41
& 415

4246 points from a total of

Wial e pt
iD # # of hits
49 136
&8 133
224 133
399 34
4 4364

G40

500 points did not hit oil.

in oil (hrs)

Ti ne

500 points did not hit eil.

in 21l C(hrs)

500 points did not hit oil.

Time in oil

e . conie S o o420 S . shon St St coa0h e S0 s

|
=
(N

500 points did not hit oil.

Tinme in oil ¢(hrs)




RUN 24:

Totals:

RUN 25:

Totals:

498 points from a total of

Whale pt
ID # # of hits
106 92
308 56
2 148

497 points f1rom a total of

Whale pt _

ID # # of hits
119 10
13& 92
2i8 33
3 135

G 41

500 points did net hit oil.

500 points did not hit Ol .

Tinme in oil ¢hrs)?



Table C. 11 Nunber of surfacings in Oil and tine in giled water
for individual bowhead whale points for each spill
scenarl1 0 at Chukchi site 5 (autum spills)
resulting I N whale-oil encounters. Values are
calculated at 10 days after the last o0il release.
Mote that Teswlts are presented for whale points
each whale point represents 7. 6 howhead Whal es.

RUN 8: 499 points froma tetal of S00 points did not hit oil.
Whale pt _ _ _
ID # # of hits Time iNn oIl (hrs)
59 100 11
Totals: 1 100 1.1
RUN 18: 496 points freom A total of 500 points did not hit oil.
Whale pt ) ) )
ID# # of hits Tine in oil ¢(hrs)
55 231 2.9
59 23 0.2
414 53 0.9
473 77 1.0Q
Tot al s: 4 384 5 0
RUN 23: 491 points from a total of 500 points did not hit oil.
Whale pt _ )
ID # # of hits Time In oil {hrs)
22 44 ¢). 7
102 52 0.6
137 59 1.2
202 77 1.5
372 36 0.7
375 116 1.0
379 13 0.4
449 144 1.8
475 91 0.9
Totals: 9 632 8.8




Table C.

RUN 4:

Totals:

RUN s:

Totals:

RUN 8:

Tot al s:

12 Nunber of surfacings in oil and tine in ociled water

493 points froma total of 500 points did not hit oil
Whale pt
ID # # of hits Time in oil ¢(hrs?
78 104 2.8
120 17 0.5
180 228 6.3
260 3s 0.9
261 850 1.4
327 183 4.5
341 59 1.4
7 708 18. 0
499 points from a tetal of 300 points did not hit oil.
Wale pt -
ID # # of hits Time in 0il (hvs)
254 129 3.0
1 129 3.0
498 points from a total of 3500 points did not hit ocil,
Whal e pt
iD # # of hits Time in oil (hrs?
106 jos 2.6
260 102 2.5
2 210 - 5. 1

for individual gray whale points for each spill
scenario at Chukchi Site 5 {autum spills)
resulting in whale-o0il encounters. Values are
cal cul ated at 10 days after the last ail rel ease.
Note that results are presented for whale points:
each whale point represents 34 gray whales.
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RUN 13:

Totals:

RUN 17:

Totals:

RUN 18:

Totals:

RUN 21:

Tot al s:

497 points from a total of

Whale pt

ID # # of hits
2095 46
301 47
425 31

3 124

ag7points from a total O

Whale pt
1D # # of hits
32 5
35 59
57 &2
73 427
04 225
132 29
137 i 09
141 134
230 47
245 41
253 183
277 173
299 105
13 1599
4982 points from a total of
Whale pt _
LD #of hits
33 61
L3
2 92

499 points froma total of

Whale pt
1D # # of hits
198 49
1 49

C 44

500 points did neot hit oil.

Time in oil ¢(hrs)

500 points did not hit eil.

Time in oil ¢hrs)
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500 points did not hit oil.

Tinme in il thrs)




RUN 23: 496 points from a total of 500 points did not hit oil.

Whale pt _
1D # # of hits Time in oil ¢hrs)
76 151 3.6
153 125 3.0
242 s8 2. &
317 &3 1.5
Totals: 4 437 10. 7

c-45



9%-0



Table D. 1 Number of surfacings i n eil and time in oiled waterl
for individual gray whale points for each spill
seenaria at St. George site 1 (spring spills)
resulting in Whal e-0i| encounters. Values are
talculated at 10 days after the last oil release.
Notethat results are presented for whale points:
each whale point represents 34 gray whales.

RUN 3: 443 goints froma total of 900 points did not hit eil
Wal e pt ] .

ID # # of hits Time in oil thrs)
84 31 1.3
86 123 2.9
92 44 1.2
?27 22 0. 9
99 71 1.9
100 226 s. 3
104 107 2.9
105 40 1.6
111 i1} 10. 3
113 48 1.2
117 37 1.0
122 189 4.0
123 116 3.0
127 131 3.3
130 && 1.7
133 99 2.6
134 109 2.9
147 121 3.2
149 17s 4.3
190 207 &.3
192 107 2. a
160 171 4,2
161 116 3.0
162 182 5.3
184 203 5 3
165 207 S. 2
166 262 7.0
167 93 2.7
169 72 1.6
170 233 & 0
172 161 4,3
173 143 3.4
174 82 2.4
173 138 4,2
177 342 B &
17B 163 4.6
177 a1 2.3
181 276 6.5
182 120 3.4
194 137 4.3
189 254 & 4
187 92 2.3
188 199 3.4
189 102 2.7
190 a8 1.7
191 &8 2.0
199 126 4.0
19& 94 2.3
i98 104 2. a
199 2 0.1
200 146 3. &
204 166 4.9
22a 107 2.1
237 ge 2.2
239 14 0.4
249 5 2. 8
291 31 0.8
Total s: 57 7406 194.6




RUN 4: 438 points froma total of 900 peints did not nit Oil.

VWal e pt
1D # # af hits Time in oil ¢hrs)
58 112 3.0
&3 73 2.2
&5 &8 1.7
&9 141 3.2
77? 157 4.3
81 125 3.4
83 226 6.1
gs 304 7. ?
8¢& 241 6.2
90 24 0.7
91 41 1.5
?3 78 2.4
?3 11s 3.3
97 72 1.?
101 6 0. 1
102 33 0.9
103 169 3.9
10s 33 1.1
111 42 1.2
113 78 2.3
118 221 s. 3
120 39 1.0
12s 114 2.9
130 89 2.8
134 234 6.9
13s 189 4.7
136 194 4. 1
137 2B4 7.3
138 28 0. ¢
141 37 1.1
144 196 5.1
148 196 51
147 289 7.7
150 31 1.3
153 42 1.3
159 167 5.0
159 180 4.0
160 85 2.3
166 272 6. B
169 131 3.8
170 335 El. &
171 73 1.8
173 129 3.6
174 313 8.7
180 158 3.0
183 1Q® 2.4
187 3? 1.0
192 250 6.4
193 184 4.4
195 343 9.6
196 271 7.2
177 245 6.6
200 84 2.1
202 132 3.8
205 108 3.0
208 12s 2. %
210 128 2.6
211 143 4,1
213 203 s. 1
214 131 3.6
219 190 4, ?
223 89 2.6
Tot al s: 62 8987 237.0



RUN 6: 499 points from a total of
Whale pt
ID # # of hits
298 159
Tatals: 1 15-9
RUN /' 493 points #from a total of
Whale pt%
Ip # # of hits
6 16
9 "
18 16
21 53
29 46
38 87
41 55
Tatals: 7 280

D-4

500 points did not hit

Tine in oil thrs?

oil.

500 points did not hit oil.

Tine in oil (hrs)

—— - —— -t ————




RUN 9: 436 points from a total of SO0 points did not hit Oil.

VWale pt
ID # # of hits Time in oil (hrs)
344 116 3.1
348 108 2.4
373 11 0.3
383 29 0.7
386 79 2.2
395 207 5..6
401 168 4.4
404 103 3.0
408 24 0.4
411 336 s. 9
413 29 1.1
417 116 3.5
419 28 0.7
421 102 2.6
424 117 3.2
430 &8 1.9
434 203 5.1
439 69 2.0
438 171 4.3
441 292 6.8
449 219 5.9
447 134 3. 8
44a 200 5.1
490 378 9.1
431 151 3.6
452 205 5.2
454 80 2.5
459 11 0.4
436 88 2.3
437 353 9.0
4s0 1'93 6.4
459 207 5.3
440 326 s. 1
461 a4 2.9
462 47 1.5
464 185 4.9
465 110 2.3
466 204 5.3
4467 147 3.5
4468 492 13.0
4469 68 1.6
470 252 6.7
471 510 13.4
472 213 6.6
473 130 3.6
474 37 0.9
479 140 3.2
476 22 0.5
477 69 1.9
479 194 5 0
480 i 32 3.7
481 161 4.7
4gz2 62 1.6
483 13?2 3. 8
404 173 4.4
489 207 5.4
4136 35 1.1
488 254 7. 1
4a? 4s 0.9
493 44 1.1
494 148 4.5
499 93 2.6
497 221 s. B
500 231 9.9
Total s: 64 9812 258. 4



RUN 12:

Totals:

RUN 15:

Totals:

RUN 17:

Tatals:

RUN 18:

Tot al s:

495 points from a total of

Whale pt
1D # # Of hits
a8 109
12 133
13 123
14 54
14 76
5 495

498 points froma total of

Whale pt
I # # of hits
449 62
465 67
2 129

49% points froma total of

Whale pt
D # # of hits
51 254
1 25A

494 points fram a total of

Whale pt
1D # # of hits
308 90
324 107
471 201
475 &8
4 466

D-6

500 points did nat hit oil.

Time in oil thrs)

500 points did not hit oil.

Time in oil (hrs)

500 points did not hit oil.

Time in oil thrs)

P e

6.2

500 points did not hit oil

Time in oil (hrs)
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RUN 20: 391 points from a total g¢ SO0 poirés didnot hit aoil

Whale pt
1D . ® of hits Time in oil (hrs)
3s9 149 4.1
373 221 5.8
ars 33 0.9
379 a6 1.2
378 122 32
379 339 B8 4
3 118 2.9
322 324 8.9
383 710 26
383 134 R A}
388 28 1.3
387 121 3.0
38 213 5.9
393 178 4.8
393 a13 4.3
396 89 2.2
399 233 7.1
402 151 4.1
403 07 22
404 138 3. &
4093 7? 2.3
406 127 3.4
407 2357 7.1
40s 268 b 7
409 23? &7
410 a2 2.1
411 289 b. 4
17 912 10.7
413 371 3
414 139 4.2
413 71 1 b
416 ? 26
417 421 10.3
419 1 h? 4.2
420 313 a.3
421 17 0..5
423 163 11.7
424 142 33
429 172 4.0
427 170 4.9
430 228 s. 4
431 179 4.0
432 113 2.9
433 319 a1
434 s0g 13. »
433 296 7.2
134 183 4.9
437 374 2,9
438 171 4.9
439 113 3.3
440 486 12. 8
441 a9 2.8
442 230 6.4
443 219 9.2
444 192 9.3
433 148 4.0
446 266 h 7
447 157 4.3
449 1% 5.0
459 249 77
430 432 t1. 4
491 329 0.1
432 242 b6 6
433 81 3.0
434 305 74
433 234 6.1
436 273 7 4
497 228 3.9
459 132 32
45y 53 14
460 182 4.8
161 201 55
4.52 222 4 9
463 171 4 4
464 89 2s
4463 480 12.0
4566 93 2.6
467 a9 e. 7
448 244 & 9
449 207 32
470 238 6.4
471 172 4.4
472 465 12 4
474 125 3.7
479 39 15
474 179 4.6
477 347 9.2
478 a31a S. 0
47? 312 7.9
480 278 7.4
481 341 8 8
482 &3 2.1
493 343 9.2
484 &3 1,9
465 407 10.9
486 I 99 4.6
4s7 192 4.3
408 1&4 4.5
489 101 2.5
490 246 6.9
491 130 2.7
492 10s 2.7
493 a5 26
494 &7 1.7
493 a8 2 4
495 154 4.3
497 310 7. &
498 182 4 &
499 105 2 s
Total s: 109 224627 590. W



RUN 24: 3'73 paints from a total of 900 poirts did nat hit ofl

Wha le pt
ID % #af hitse Time fn afl {(hrs)
40 1 3.2
43 o1 9.6
44 34 1.2
EJ-] B4 1.8
47 78 24
48 93 2 2
S0 aso g8 s
32 111 31
B4 143 3.9
57 ?279 7 3
59 138 a7
&0 321 7.8
&t 129 2.7
&2 049 b. &
&7 23 06
&8 194 3.8
&7 399 10 »
71 &39 18. 1
72 102 2 4
73 a57 &6 &
76 173 4.7
77 el 3: § 9 2
so 126 29
13 &9 1.3
732 172 4.4
83 233 6.9
83 149 3.5
84 168 4.2
a8 259 & 4
E? 102 2.9
90 74 1.9
91 1&£8 3.7
92 SO 16
94 W 0.9
99 143 4.0
94 144 3.7
27 114 2.8
58 58 26
P9 a9 2.9
100 10s 2.5
102 |22 3.0
104 97 2.3
107 264 7 3
10B 312 8>3
107 244 6.2
110 227 6.2
111 171 4.9
112 a 0.3
114 9a 2.2
118 117 2.9
118 109 3.2
121 70 1.5
122 41 1.3
125 103 3.0
128 221 5.5
130 a1 1.8
131 77 21
132 103 4 3
13s 42 1.3
134 136 31
137 170 4 9
13s 296 73
13? 1272 39
141 110 29
142 295 7.3
143 143 4.0
144 69 2.4
14s 69 1.0
133 115 26
154 59 14
199 42 1.2
157 22 0 4
158 104 2.0
15? 137 a7z
tho 14 0.4
161 as 1.8
164 281 7.7
165 20 0.5
173 a7 10.8
174 &8 1.8
17s n24 6.3
176 107 3.0
178 77 2.3
181 40 1.0
182 27 0.4
183 90 2. 3%
184 116 3.2
1833 51 1.3
106 112 2. &
187 27 0.4
190 73 2.1
192 110 2.6
194 93 2 4
199 42 1.0
1R& 122 3.4
197 o8 2.7
138 943 23
202 91 2.6
209 70 1.8
212 ga 2.9
214 72 1.8
219 94 16
217 107 2's
218 56 18
2.19 327 7
220 272 73
22.2 116 3.2
Total s: 107 147223 age 5




RUN 25: 474 points from a total Of 500 points did not hit oil.

Whale pt
ID # # of hits Time in oil ¢hrs)

171 6s 1.6
174 129 3.4
2Q0 35 1.1
269 107 2.4
215 74 2. 1
227 39 1.1
228 85 2. 5
229 13& 2.7
230 59 1.2
233 122 2.9
238 2324 6.2
239 144 4, 1
240 173 4. 1
241 178 4.9
242 191 4.9
247 312 7.5
257 104 2.5
260 161 3.9
2151 196 5.2
262 120 3.5
264 175 4.8
268 231 6.3
269 192 5.3
272 148 3.6
Tot al s: 24 3430 87.0

D9



Table 1).2 Number Of

RUN 5:

Totals:

oil and tinme in eiled water
gray whale points for each spill
George site 1 (autumm spills)
resulting in whal e-oil encounters. Values are
calculated at 10 days after the last oil release.
Note that results are presented for whale poi nts:
each whale point represents 34 gray whal es.

surfacings in
for individual

scenario at St

477 points fromatotal of 900 points did not hit oil.
Whale pt ] ) )

ID # # oFf hits Time 1N oil ¢{hrs)
44 53 1.3
47 &b 2.1
63 a8 1.4
99 74 1.8
124 123 3.2
131 7 ¢). 2
175 &9 1.7
193 214 6. 1
196 72 2. 4
208 52 1.6
232 g2 2.2
246 17 ¢). 4
265 347 9.1
294 84 2.3
299 15 0.7
319 11 0.4
346 &2 1.9
350 73 1.8
358 54 1.5
394 113 2. &
405 51 1.1
414 31 0.7
489 &7 1.7
23 1 807 48. 4

D-10




RUN &: 475 points from a total of SO0 points did not hit oil.

Whale pt
ID # # of hits Tine in o0il ¢(hrs)
33 244 6.5
34 149 3.7
47 50 1. 3
57 109 2. 8
&b 106 3.2
84 34 0. a
114 192 4.6
123 146 3.5
133 & 0.1
134 164 4.2
139 176 4.4
144 =8 0.5
152 70 2.3
133 174 4.7
185 88 2 6
200 57 2.1
212 184 4.4
215 135 3.8
237 10 0.3
245 24 0.4
274 207 5.2
270 215 59
322 132 2.6
334 279 6.6
400 61 1.8
Tatals: 25 3034 78. 4



RUN a: 442 points from a total of 500 p0| nts d| d not h|t O| I .

VWal e pt
ID # # of hits Time in oil thrs?
33 99 1.9
35 27 0.7
74 43 1.4
B? a4 2.2
24 14 0.4
102 111 3.3
107 ?5 2.7
114 1860 4. 1
122 89 2.0
126 119 3.4
13a 28 0.7
173 11 0.4
177 99 2.6
187 97 2. 0
229 141 3.7
257 9 0.1
259 58 2.7
270 133 4.0
274 61 1.9
2764 39 11
277 120 2.7
278 ?7 2.3
317 15 0.5
321 140 2. a
324 &7 1.9
333 61 1.7
333 80 1.7
337 109 2. 8
342 b6 .2.0
347 72 2.1
3951 111 2.6
3S2 152 3.7
361 80 2.3
267 104 2.4
376 52 1.6
381 126 3.3
383 113 2.9
386 7a 2.4
387 64 2.0
394 26 0. 5
402 72 2.2
414 55 1.2
419 32 0.9
42 1 18 1.4
426 143 3.9
440 41 1.1
448 164 3.9
492 64 1.8
493 89 2. 0
458 140 3.5
459 100 2.7
479 111 3.0
476 18 11
4s0 116 3.4
496 47 1.4
490 36 0.7
493 104 3.3
498 a8 1.2
Tot al s: 5a 4726 124.6
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AUN 9 3598 polnts From & total of 300 points did not hit oll

Wh e p.
.H_TO " of hits Time in ol thre)
) 183
11 174 S.a
21 16 %
48 249 [
a3 48 S.q
43 193 )
s3 2 3.0
=4 107 9.0
73 99 27
83 42 2 o
88 78 1. 2
93 169 1.7
93 33 35
94 127 1.0
52 121 29
93 EE 29
36 131 a7
07 189 3o
og 27 4.2
“o 307 1.4
_m 66 7.0
da 16 i.8
20 175 o 4
a® 123 2 a
a9 122 25
) 177 2t
Pid 296 6 8
157 113 3 a
_aw 199 30
1q 145 32
124 97 7
57 2
¢o 219 s 3
2 3 a7 2.8
umo 181 5.1
umu 201 3.1
2q3% 133 4.3
wav 229 5. 4
02 267 7 &
213 163 A
o 173 4.8
az 102 2 3
m“m 132 P
ac 144 5 3
227 137 59
227 117 32
23 17 3
2 3.0
233 a7 1
3
G, ? 0. 3
E< 16 0.
5 219 33
243 92 2 m
4 g 19 %3
234 167 2/
2% €2 24
29, 142 -
2 158 o
2% 90 2.
%, 294 6.4
Lo 184 4.3
mw; 174 9.4
% <0 2 s
=21 137 3 5
¥ e21 S
54 69 1,
358 268 6 2
3% 79 2,
3% 81 1o
3%1 18 33
On ta c
s
Jiy 119 2
u.o 10 ot
2, 148 a2
@2, a7 17
3 137 ot
I 2y ro
a3 is 11
e 157 2’
343 227 6
<X 217 >3
3a 141 3a
P8 164 10
%9 137 4.
ot 193 s o
a2 32 1.1
38 136 b
2 a2 '
3. 1.7,
34 s o 2
Py 51 )
=o 100 2 &
o 106 5.8
”mu 30 _0
50 300 &7
g3 133 a7
a9 o27 6.2
286 37 1}
94 114 7
203 162 ;
4.9
Q9 174 &
Ja &8 e
s 230 o 1
1g 27 °. 7
20 58 ‘s
2a 199 [
£0 1890 40
238 239 & 3
92 84 20
3 pe3 40
a7 et 35
27 o8 20
80 189 3.0
‘g2 92 2.2
98 176 3.0
‘ntals: nu2 114647 384 4



RUN 14: 499 points fraema total o'f points did not hit oil.

whale pt
ID # # of hits Time in 0il (hrs)
262 177 4,1
Totals: 1 177 4,1
RUN 18: 439 points from a total of 500 points did not hit oil.
Vhal e pt _
ID # # of hits Time in oil thrs?
2 120 3.3
1s 103 2.2
22 73 2.3
23 152 3.7
32 185 4.8
34 293 6.8
35 181 4.9
34 126 3.6
47 173 4.b
&b P46 2.9
72 234 6.5
74 28 1.s
79 97 2.3
885 |7 2.1
92 237 5 8
102 223 5.7
104 140 4.2
119 20 0.5
123 =] 0.2
133 14 0. &
138 132 2.9
144 91 2.5
147 149 4,1
153 208 51
1.52 278 6.9
104 151 4.2
204 74 1.8
218 229 5.5
224 180 4.6
230 138 3.3
232 163 5.0
237 191 3.4
246 10 0.3
249 69 1.6
251 146 4.2
2.43 31 1.0
265 136 3.3
270 13 0.2
270 80 2.4
283 131 3.3
284 14 0.4
285 108 2.6
286 108 2.4
287 258 6.2
295 135 4.0
293 11 0.4
307 200 4.9
310 42 1.0
318 g1 2.0
322 251 6.3
338 95 2.1
341 117 2.7
348 284 7.6
358 31 1.0
383 igé 5.0
400 34 0.7
416 9 0.3
438 204 51
44s 97 3.2
479 162 5 &
500 108 2.7
Tot al s: 61 7732 201. 8
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RUN 20: 423 points from a total of 500 points did not hit oil

Whale pt
ID # # of hits Time in oil ¢thrs)
3 30 0.8
5 70 1.7
10 89 2.0
18 19s 9.2
20 57 1.3
21 69 1.3
24 77 2.2
28 14 0.6
34 130 3.8
39 111 2.9
37 54 1.4
49 90 2.7
47 46 t. 4
57 48 1.2
61 644 17.4
64 71 19
6S 99 2.9
70 59 1.3
79 109 3.1
74 335 a. 6
78 77 2.1
83 29 0.7
as 92 2.7
93 39 0. B
100 =13 1.7
106 122 3.4
107 67 1.7
108 91 2.6
116 164 4.3
118 139 3.1
120 23 0.7
129 24 0.4
138 74 1.8
146 26 0.5
151 97 1.7
152 82 2.2
153 37 0.9
160 24 0.3
163 76 2.1
178 120 2.6
179 as 3.2
180 101 2.4
182 117 3.0
1s3 47 1.5
194 144 3.9
2146 72 1.9
220 102 2.6
221 4a 1.3
227 60 1 . 5
235 34 1.1
241 32 0.7
244 103 2.4
247 14 0. 4
262 122 3.2
279 67 1.9
2S4 B7 13
293 118 2.6
297 148 3.9
320 24 2.7
323 34 0.7
326 72 1.8
327 113 3.0
338 224 s. 9
341 103 2.3
358 45 1.7
399 &8 1.9
396 126 3.4
410 30 0.7
412 23 0. B
424 33 0 6
431 29 0.7
43s 108 2.6
43a 30 0.6
439 75 18
495 141 3.3
4,51 59 1.7
482 110 2.6
Totals: 77 6880 177.9
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